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ABSTRACT
Melby,  S t u a r t  A . ,  M .S . ,  June 19b7 P h y s ic a l  E ducat ion
The E f f e c t  of a S o e c i f i c  R e s o i r a t i o n  P a t t e r n  on Running E f f i c i e n c y  and 
V e n t i l a t i o n  Param eters  of S k i l l e d  D is ta n c e  Runners (79 p o . )
D i r e c t o r :  Donald H. H ard in
T h is  s tudy  i n v e s t i g a t e d  t h e  e f f e c t s  of a c o n t r o l l e d  r e s p i r a t i o n  
p a t t e r n  on t h e  runn ing  per form ance and y e n t i l a t i o n  c o n s i d e r a t i o n s  of  
s k i l l e d  d i s t a n c e  ru n n e rs .
A p i l o t  s tudy  was conducted in  which s ix  male s u b je c t s  p r a c t i c e d  th e  
c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n .
The s u b je c t s  completed fo u r  t r e a d m i l l  t e s t s ;  two each a t  9 . 7 5  m i le s  
per  hour ( 6 :0 9  m inute  m i l e  pace) and 1 2 .7 5  m i l e s  per  hour  ( 4 :4 2  m inute  
m i l e  pace) us ing t h e  c o n t r o l l e d  p a t t e r n  f o r  one t e s t  and u n c o n t r o l l e d  
( n a t u r a l ) b r e a t h i n g  p a t t e r n  f o r  t h e  o t h e r  t e s t .  B r e a th in g  p a ram e te rs  
measured were: t o t a l  y e n t i l a t i o n ,  oxygen u p ta k e ,  yolume of  carbon
d i o x i d e ,  r e s p i r a t o r y  q u o t i e n t ,  h e a r t  r a t e ,  p e r c e n ta g e  o f  oxygen used,  
and p e rc e n ta g e  of  carbon d i o x i d e  e x p i r e d .  V ideo  ta p e s  o f  each t e s t  
were recorded  t o  count  th e  number o f  s t r i d e s  and b r e a t h s  t a k e n .  Each 
s u b je c t  was t e s t e d  on a random assignment  of  t e s t  o r d e r .
There  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  runn ing  
e f f i c i e n c y  and in  th e  v e n t i l a t o r y  p aram eters  measured in  t h i s  s tudy  
between th e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  t e s t s  and t h e  u n c o n t r o l l e d  
t e s t s  or  between th e  i n d i y i d u a l  t im e  seqments of  those  t e s t s .
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Chapter  1 
INTRODUCTION
i n t e r e s t  in  th e  phenomenon o-f r e s p i r a t i o n  and i t s  e f f e c t s  on
human f u n c t i o n i n g  has in c re a s e d  th e  l a s t  few y e a r s .  In t h e  l a s t  year
th e  p op u la r  l i t e r a t u r e  has w id e ly  p u b l i c i z e d  th e  im o or tan ce  and
b e n e f i t s  o f  conscious r e s p i r a t i o n  ( P e r r y ,  1985; P l u n k e t t ,  1986;
Jackson, 1986; and Z i , 19 8 6 ) .  In t h e  p s y c h o p h y s io lo q ic a l  l i t e r a t u r e
r e s p i r a t i o n  has been g r e a t l y  n e g le c t e d .  T r a d i t i o n a l l y ,  c a r d i o v a s c u l a r
p s y c h o p h y s io lo g is t s  have chosen t o  t r e a t  r e s p i r a t i o n  as a nu isance
v a r i a b l e ,  o f t e n  no t  c o n t r o l l i n g  f o r  i t  or  o n ly  making c u r s o ry  a t te m p ts
t o  do so (Grossman, 1 9 8 3 ) .  Runners tend  t o  have t h e  same id e a  about
b r e a t h i n g ,  l e t t i n g  b r e a t h  p a t t e r n s  e v o lv e  u n c o n s c io u s ly  and
a u t o m a t i c a l l y ;  “suck ing"  in  a i r  as i t  i s  needed ( P l u n k e t t ,  1 9 8 6 ) .
R e c e n t ly  a t t e n t i o n  has been focused on r e s p i r a t i o n  and t h e  i n f l u e n c e
c o n t r o l l e d  b r e a t h i n g  can have on an i n d i v i d u a l ' s  l i f e ;  m e n t a l l y ,
p h y s i c a l l y ,  and e m o t i o n a l l y  (Grossman, 1983; Jackson,  1986; P l u n k e t t ,
1986; and Z i ,  1 98 6 ) ,
A u t h o r i t i e s  a r e  b e g in n in g  t o  reexam ine t h i s  n a t u r a l ,  i n v o l u n t a r y
human f u n c t i o n ,  r e s p i r a t i o n ,  in  new p e r s p e c t i v e s  t o  enhance human
performance and p s y c h o lo g ic a l  and p h y s i o l o g i c a l  w e l l  be ing  (Grossman,
1983; C l a r k  e t  a l ,  1983; and B e l l ,  1 9 8 0 ) .  Jackson,  who f e e l s  t h a t
most r u n n e rs  do not  b r e a t h e  p r o p e r l y ,  o u t l i n e s  a s y s te m a t ic  approach t o
b r e a t h i n g  by us ing  a s e r i e s  o f  s p e c i f i c  s k i l l s  des igned t o  h e lp  a e r o b ic
a t h l e t e s  c o n t r o l  r e s p i r a t i o n  t o  maximize t h e i r  per fo rm ance  ( P l u n k e t t ,
1986; Jackson,  1 9 8 6 ) .  I t  i s  a p p r o p r i a t e  t o  examine t h e  e f f e c t s  o f  a
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conscious change in  t h e  r e s p i r a t i o n  p a t t e r n s  o t  h i g h l y  s k i l l e d  
a t h l e t e s .
PROBLEM
The purpose of  t h i s  s tudy  was t o  measure t h e  e f f e c t  of  a s p e c i f i c  
r e s p i r a t i o n  p a t t e r n  on ru nn ing  per form ance  and oxygen consumption f o r  
s k i l l e d  d i s t a n c e  ru n n e rs .  The per form ance  c r i t e r i o n  was t h e  l e n g th  of  
t im e  t h e  a t h l e t e  cou ld  c o n t in u e  t h e  r e s p i r a t i o n  and s t r i d e  p a t t e r n  and 
th e  amount of oxygen consumed f o r  a s e t  w ork lo ad .  Two d i f f e r e n t  
workloads were used t o  compare t h e  e f f e c t i v e n e s s  of  t h e  r e s p i r a t i o n  
p a t t e r n  a t  d i f f e r e n t  i n t e n s i t y ,  l e v e l s .  Oxygen consumption was measured 
t o  r e p o r t  t h e  e f f i c a c y  o f  t h e  c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n .
LIMITATIONS
Th is  study c o n ta in e d  l i m i t a t i o n s  common t o  many s t u d i e s  i n v o l v i n g  
v a r s i t y  a t h l e t e s .  The i n v e s t i g a t o r  had t o  work w i t h i n  t h e  c o n s t r a i n t s  
of th e  t r a c k  coach and t h e  a t h l e t e s  school  sc h e d u le ,  p r a c t i c e  sch edu le ,  
and c o m p e t i t io n  sch edu le .
1) The s u b je c t s  were chosen and p laced  in  each s tudy  
group.  Because o f  an e x p e r im e n t a l  des ign  r e q u i r i n g  
a p i l o t  s tu d y ,  th e  sample group was d e f i n e d ,  due t o  
t h e i r  p r i o r  e x p e r ie n c e  w i t h  t h e  s p e c i f i c  r e s p i r a t i o n  
p a t t e r n .
2) The s u b je c t s  were n o t  equal  i n  knowledge and 
e x p e r ie n c e  w i t h  t h e  t a s k .  The s u b j e c t s '  s t r u c t u r e d  
p r a c t i c e  t im e  d u r in g  t h e  p i l o t  s tudy  ranged from  
10 -18  m inutes  per  se s s io n  f o r  a range  o f  one hour t o  
t w o - a n d - o n e - h a l f  hours  t o t a l  t im e .
3) Dur ing th e  i n t e r i m  p e r io d  ot  t h e  p i l o t  s tudy  and t h e  
pre s e n t  s tu d y ,  t h e  amount of p r a c t i c e  t im e  on th e  
ta s k  by each s u b je c t  was unknown.
DEFINITIONS
The f o l l o w i n g  terms a r e  d e f i n e d  as t o  t h e i r  meanings in  t h i s  
s tudy .
Energy C o s t , th e  amount of  oxygen consumed f o r  a 
s p e c i f i c  amount of  work.
V e n t i I  a t i o n , . . .  in  p h y s io lo g y ,  th e  amount o f  a i r  
i n h a le d  per  u n i t  o f  t im e .
Dyspnea, s h o r t  o f  b r e a t h ,  d i f f i c u l t  or  lab o red  
r e s p i r a t i o n .
Hyoerpnea, a b n o rm a l ly  r a p i d  or  deep b r e a t h i n g .
Forced R e s p i r a t i o n , v o l u n t a r y  hyperpnea ( i n c r e a s e  
in  r a t e  and depth o f  b r e a t h i n g ) .
Muscles o f  R e s p i r a t i o n ,
I n s p i r a t i o n  = diaphragm and e x t e r n a l  
i n t e r c o s t a l  s.
Forced I n s p i r a t i o n  = ( a s s i s t  in  e l e v a t i n g  
r i b s  and sternum) s c a l e n i ,  i e v a t o r e s  
costorum, s t e r n o c l e i d o m a s t o i d e u s ,  
p e c t o r a l i s  m a jo r ,  p ia tysm a myoides, and 
s e r r a t u s  p o s t e r i o r  s u p e r i o r .
E x p i r a t i o n  = ( v o l u n t a r y  deep b r e a t h i n g  or  
fo r c e d  e x p i r a t i o n )  r e c t u s  abdom in is ,  
e x t e r n a l  and i n t e r n a l  o b l i q u e ,  t r a n s v e r s e  
abdom in is .
R e s p i r a t o r y  Q u o t i e n t , t h e  r e l a t i o n  o f  CO-z produced 
and O2  consumed; e . g . ;  CO^ t  O2 .
Apnea, tem porary  c e s s a t io n  of  b r e a t h i n g .  May r e s u l t  
from r e d u c t i o n  in  s t i m u l i  t o  t h e  r e s p i r a t o r y  c e n t e r ,  
as in  o v e r b r e a t h i n g ,  in  which CO2  c o n te n t  o f  t h e  
blood i s  reduced;  f rom f a i l u r e  of  r e s p i r a t o r y  c e n t e r  
t o  d is c h a rg e  im p u ls es ,  as when t h e  b r e a t h  i s  h e ld  
v o l u n t a r i l y . . .
Eupnea, normal b r e a t h i n g  as d i s t i n g u i s h e d  from dysonea  
and apnea.
H v o o c a rb ia , decreased CO-z in  t h e  b lood .  Excess r a t e  of  
r e s p i r a t i o n  w i l l  cause t h i s .
H v o ercap n ia , in c re a s e d  amount of CO2  in  th e  b lood.
H y p o x ia , d e f i c i e n c y  o f  O2 . Decreased c o n c e n t r a t i o n  o f  
O2  in  th e  i n s p i r e d  a i r .
T i d a l  Volume, t h e  volume of  gas i n s p i r e d  or  e x p i r e d  
d u r in g  one c y c le  of  r e s p i r a t i o n .
M inu te  V e n t i l a t i o n  Volume, e q u a ls  t h e  sum of  t i d a l  
volumes over  one m in u te .
HYPOTHESES
1. The a c q u i s i t i o n  of  t h e  r e s p i r a t i o n  p a t t e r n  w i l l  not  
e f f e c t  th e  energy  co s t  o f  r u n n in g .
2- There  w i l l  be no d i f f e r e n c e  i n  e f f i c i e n c y  in  t h e
r e s p i r a t i o n  p a t t e r n s  between th e  maximal and submaximal 
e f f o r t s .
Chaot e r  2 
LITERATURE REVIEW
In a normal ,  a l e r t  human, r e s o i r a t o r y  p rocesses e x e r t  s p e c i f i c  
i n f l u e n c e s  upon v a r i o u s  asp e c ts  of  c a r d i o v a s c u l a r  f u n c t i o n i n g .  These  
r e s p i r a t o r y  p rocesses may be g r e a t l y  i n f l u e n c e d  by b e h a v i o r a l ,  
e m o t io n a l ,  and c o r t i c a l  f a c t o r s  (Grossman, 1 9 8 3 ) .  P e r i p h e r a l  and 
c e n t r a l  nervous system mechanisms may i n f l u e n c e  r e s o i r a t i o n  t o  en a b le  
humans t o  employ t h e  most e f f i c i e n t  b r e a t h i n g  p a t t e r n  f o r  a g iven  
e x e r c is e - i n d u c e d  v e n t i l a t o r y  demand (V id ru k  & Dempsey, 1 9 8 0 ) .
Grossman (1983)  rev iew ed  and a t te m p te d  t o  i n t e g r a t e  t h e  
e x p e r im e n ta l  l i t e r a t u r e  i n d i c a t i n g  t h e  im p or tan ce  of r e s o i r a t i o n  of  
c a r d i o v a s c u l a r  p sychoph ys io log y .  Grossman d iscussed  t h r e e  f i n d i n g s  th e  
r e c e n t  r e s e a rc h  has shown:
1) v a r i a t i o n s  i n  b r e a t h i n g  p a t t e r n  may o f t e n
modulate c a r d i o v a s c u l a r  f u n c t i o n i n g  in  eve ryday
l i f e ,
2) t h e r e  a r e  l a r g e ,  s t a b l e  i n d i v i d u a l  d i f f e r e n c e s  
in  b r e a t h i n g  p a t t e r n ,  and
3) v a r i a t i o n s  in  b r e a t h i n g  p a t t e r n  may be g r e a t l y
i n f l u e n c e d  by b e h a v i o r a l , e m o t i o n a l  and c o r t i c a l
f a c t o r s .
P h y s i o l o g i s t s  have found s e v e r a l  mechanisms of  r e s p i r a t i o n  t h a t  
may modulate c a r d i o v a s c u l a r  a c t i v i t y  (Grossman, 19 8 3 ) .  Four a re a s  of  
major im portance  a r e :  1) mechanical  e f f e c t s ,  2)  r e f l e x  a r c s  between
p e r i p h e r a l  r e c e p t o r s  and h ig h e r  c e n t e r s  ( e . g .  lung i n f l a t i o n  
r e c e p t o r s ) , 3) p e r i p h e r a l  i n p u t  which may o f t e n  have opposing p r im a ry  
and secondary e f f e c t s  ( i . e  c h e m o r e c e p t io n ) , and 4) i n p u t  o r i g i n a t i n g  in
t h e  CNS i t s e l f  ( i . e .  c e n t r a l  r e s o i r a t o r y  a c t i v i t y )  (Grossman, 1 98 3 ) .
These f o u r  a re a s  of  r e s o i r a t o r y  m o du la t ion  uoon c a r d i o v a s c u l a r
a c t i v i t y  a r e  expressed th rough  f i v e  param e te rs
of  r e s p i r a t i o n :
B r e a th in g  Frequency.  V a r i a t i o n s  in  b r e a t h i n g  
f re q u e n c y  have been shown t o  produce in v e r s e  
changes in  h e a r t  r a t e  v a r i a b i l i t y  in d e p e n d e n t ly  of  
t i d a l  volume.
Depth o f  V e n t i l a t i o n .  In c rease d  depth of  b r e a t h i n g  
causes augmenta t ion  of  h e a r t  r a t e  and h e a r t  r a t e  
v a r i a b i l i t y ,  as w e l l  as g e n e r a l l y  in c re a s e d  blood f lo w  
t o  t h e  s k e l e t a l  muscles and fo reh ead  but  decreased f lo w  
t o  t h e  hands and f e e t .
B r e a t h - H o ld i n g .  Pausing between i n s p i r a t i o n  and
e x p i r a t i o n  w i l l  produce r a p i d  and pronounced  
b r a d y c a r d i a .  T w en ty -b e a t -p e r—m inute  d e c e l e r a t i o n s
f r e q u e n t l y  occur w i t h i n  one or two b e a ts  from
commencement o f  b r e a t h - h o l d i n g .  Blood f l o w  t o  th e
b r a i n  and t h e  h e a r t  i s  a ls o  enhanced d u r in g  
r e s p i r a t o r y  pause.
Muscular  Mode of  V e n t i l a t i o n .  T h o ra c ic  ( r i b c a q e )  
dominant b r e a t h i n g  seems t o  produce in c r e a s e s  in  c a r d i a c  
o u tp u t  and h e a r t  r a t e  d u r in g  i n s p i r a t i o n  and 
p e r i p h e r a l  v a s o c o n s t r i c t i o n ,  whereas abdominal  
( d ia p h r a g m a t ic )  v e n t i l a t i o n  appears t o  induce th e  
o p p o s i t e  e f f e c t s .
A l v e o l a r  Carbon D i o x id e  Tens ion .  A l v e o l a r  carbon d i o x i d e  
p re s s u r e  has been r e l a t e d  t o  a wide range  of  c a r d i o v a s c u l a r
p a r a m e te rs ,  CO2  i n f l u e n c e s  upon v a s c u l a r  to n e  n o r m a l ly  a c t
t o  a l t e r  b lood f l o w  t o  t h e  b r a i n  and th e  h e a r t  in  r e l a t i o n  
t o  m e t a b o l ic  needs,  p r o v i d i n g  f o r  a constancy o f  th e  
i n t r a c e l l u l a r  env ironm ent  ( a u t o r e g u l a t i o n ) .
H y p e r v e n t i l a t i o n  and eucapnic  b r e a t h i n g  p a t t e r n s  
r e s u l t  in  r e l a t i v e l y  low a l v e o l a r  CO2  l e v e l s  caus ing  an 
i n c r e a s e  in  r a t e  and a dec re ase  in  t i d a l  volume of  
b r e a t h i n g ,  as w e l l  as p r e d o m in a t e ly  t h o r a c i c  v e n t i l a t i o n .  
In c re a s e d  p r o d u c t io n  of  CO2  in  t h e  b r a i n  and th e  h e a r t  
induces  r e l a x a t i o n  o f  v a s c u l a r  tone ;  promot ing b lood  
f l o w ,  o x y g e n a t io n  o f  t i s s u e s  and removal of  
a c i d i c  m e t a b o l i t e s .  (Grossman, 1983)
A v a i l a b l e  re s e a rc h  f i n d i n g s  suggest  t h a t  graded ,  s y s te m a t ic  and 
d i r e c t i o n a l  c a r d i o v a s c u l a r  a l t e r a t i o n s  may be inouced by CO2  r e l a t e d  
r e s p i r a t o r y  changes (Grossman, 19 3 3 ) .
R e s p i r a t o r y  and c a r d i o v a s c u l a r  orocesses  a r e  bound t o g e t h e r  oy 
independent  i n t r a c e n t r a l  c o u p l in g  mechanisms. There  e x i s t s  a c e n t r a l  
i n t e g r a t i o n  of c e r t a i n  r e s p i r a t o r y  and c a r d i o v a s c u l a r  processes ,  such 
t h a t  some c e n t r a l  neurons s e rv e  both f u n c t i o n s  (Grossman, 1 9 8 3 ) .  H e a r t  
r a t e ,  b lood p re s s u re  and s y m p a th e t ic  nerve  a c t i v i t y  a r e  in c re a s e d  
d u r in g  i n s p i r a t i o n  and decreased d u r in g  e x p i r a t i o n ,  and a l s o  v a r y  a long  
w i t h  changes in  c e n t r a l  r e s p i r a t o r y  response.
CO2  i s  w e l l  known t o  e x h i b i t  pow er fu l  e f f e c t s  upon t h e  
c a r d i o v a s c u l a r  system and, under many c o n d i t i o n s ,  a p p a r e n t l y  s e r v e s  a 
s e l f - r e g u l a t o r y  f u n c t i o n .  CO2  i n f l u e n c e s  upon v a s c u l a r  tone  n o r m a l ly  
a c t  t o  a l t e r  b lood f l o w  t o  t h e  b r a i n  and t h e  h e a r t  in  r e l a t i o n  t o  
m e t a b o l ic  needs, p r o v i d i n g  f o r  a constancy o f  t h e  i n t r a c e l l u l a r  
env ironm ent  ( a u t o r e g u l a t i o n ) .  Hence, in c re a s e d  p r o d u c t io n  o f  C0% in  
th e s e  r e g io n s  w i l l  induce  r e l a x a t i o n  of  v a s c u l a r  to n e ,  promot ing b lood  
f l o w ,  oxy g en a t io n  of  t i s s u e s  and removal o f  a c i d i c  m e t a b o l i t e s  
(Grossman, 1 9 8 3 ) .
A t r a n s i e n t  drop in  b lood CO^ l e v e l s  r e s u l t s  i n  h y p e r v e n t i l a t i o n
t h a t  appears  t o  be an i n t e g r a l  asp ec t  of  s t r e s s  response .
H y p e r v e n t i l a t i o n  may have evo lve d  as a p r e p a r a t o r y  m e t a b o l ic  measure
f o r  ensu ing  p h y s ic a l  a c t i o n .  The drop i n  b lood CO2  l e v e l s  i s  q u i c k l y
compensated f o r  by augmented CO2  p r o d u c t io n  due t o  in c r e a s e d  a c t i v i t y  
(Grossman, 1 9 8 3 ) .  When p h y s ic a l  a c t i o n  i s  i n a p p r o p r i a t e  and not
i n i t i a t e d ,  c o n t in u e d  h y o e r v e n t i 1a t i o n  may become a d i s r u o t i v e  
p h y s i o l o g i c a l  f o r c e ,  c a p a b le  o t  d i s t u r b i n g  v a r i o u s  systems.
In a s e r i e s  o t  s t u d i e s  ( S c h a e fe r ,  1958, 1979 as r e p o r t e d  in
brossman, 1983 ) ,  s low,  deep b r e a t h e r s  w i th  r e l a t i v e l y  h igh  a l v e o l a r  COa 
were compared t o  f a s t  s h a l lo w  b r e a t h e r s  w i t h  lower  CO2  l e v e l s .  The 
high  CÜ2  group was found t o  have s low er  r e s t i n g  h e a r t  r a t e s ,  and t h e r e  
were i n d i c a t i o n s  of  decreased a d ren a l  c o r t i c a l  a c t i v i t y  and o v e r a l l  
reduced autonomic re s p o n s iven es s  in  comparison w i t h  t h e  low CO2  group.  
T h is  r e s e a r c h  suggested t h a t  CO2  l e v e l s  may c o n t r i b u t e  t o  v a r i a t i o n s  in  
h e a r t  r a t e  and o t h e r  autonomic responses not  o n l y  d u r in g  
h y p e r v e n t i l a t i o n  but  a l s o  d u r in g  eucapnic  s t a t e s  o f  v e n t i l a t i o n  
(Grossman, 1 9 8 3 ) .
CO2  l e v e l s  may be one of  th e  s t i m u l i  o c c u r r i n g  d u r in g  r e s p i r a t i o n .  
Muscle and j o i n t  movements a l s o  a c t  as e f f e c t o r s  o f  r e s p i r a t o r y  r a t e s  
(H ard in  e t  a l ,  1 98 7 ) .
G a r y 's  m u l t i p l e  f a c t o r  t h e o r y  of  t h e  c o n t r o l  of  r e s p i r a t i o n  s t a t e s  
t h a t :  "Although a number o f  f a c t o r s  e x e r t  independent  e f f e c t s  on
r e s p i r a t o r y  v e n t i l a t i o n ,  th e  t o t a l  e f f e c t  i s  d e te rm in ed  bv t h e  
a l g e b r a i c  sum o f  th e  p a r t i a l  e f f e c t s  o f  t h e  s e p a r a t e  a g e n ts " .  S e v e ra l  
s t u d i e s  have been completed on e x p e r im e n ta l  a n im a ls  and on human 
s u b j e c t s  in  an a t te m p t  t o  r e s o l v e  t h e  q u e s t io n  o f  r e s p i r a t o r y  c o n t r o l  
d u r in g  r e s t  and e x e r c i s e  (as r e p o r t e d  in  H a rd in  e t  a l ,  1 9 8 7 ) ,
D e jo u rs  (1963)  a t t r i b u t e s  t h e  i n i t i a l  r i s e  in  v e n t i l a t i o n  r a t e  t o  
n e u ra l  causes but  t h e  l a t e r  i n c r e a s e  t o  chemical  sub stances  i n  th e  
b lo o d .  Hey e t  a l  (1966)  r e p o r t e d  t h a t  in  m i ld  e x e r c i s e ,  f re q u e n c y  ( f )
was o f t e n  a s u b m u l t io l e  o f  t h e  number of  s t r i d e s  per  m inute .
VIdrUK & Dempsey (1930)  rev iew ed  some of  th e  p e r i p h e r a l  and 
c e n t r a l  nervous system mechanisms t h a t  may e n a b le  humans t o  employ th e  
most e f f i c i e n t  b r e a t h i n g  p a t t e r n  f o r  a g iv e n  e x e r c i s e - i n o u c e d  
v e n t i l a t o r y  demand. A i l  of th e  s t u d i e s  re v ie w e d ,  i n d i c a t e d  t h a t  th e  
v e n t i l a t o r y  p a t t e r n s  n a t u r a l l y  fa v o re d  were th e  l e a s t  c o s t l y  ones in  
terms of  energy  e x p e n d i t u r e .
One s e r i e s  of e x p e r im e n ts  (Grimby e t  a l ,  1968; Grimby e t  a l ,  1971;  
Konno & Mead, 1967 as r e p o r t e d  in  V id ru k  & Dempsey, 1980) aimed a t  
examin ing b r e a t h i n g  p a t t e r n s  both a t  r e s t  and d u r in g  e x e r c i s e  
dem onstra ted  t h a t  t h e  main muscle o f  b r e a t h i n g  under th e s e  c o n d i t i o n s  
I S  th e  d iaphragm. A major  i m p l i c a t i o n  from th e s e  s t u d i e s  was t h a t  
b r e a t h i n g  i s  most e f f i c i e n t  when i t  m ax im a l ly  u t i l i z e s  t h e  diaphragm.
A m e c h a n ic a l l y  advantageous range o f  lung volumes i s  accomoiished  
by r e t e n t i o n  of  a f u n c t i o n a l  r e s i d u a l  c a p a c i t y  (FRO which changes v e r y  
l i t t l e  from t h e  r e s t i n g  l e v e l  d u r in g  e x e r c i s e  d e s p i t e  t h e  oc c u r re n c e  of  
a s u b s t a n t i a l  i n c r e a s e  in  end i n s p i r a t o r y  volume.  D e s p i te  th e  
in c re a s e d  i n s p i r a t o r y  volume,  a c t i v e  e x p i r a t i o n  i s  s u f f i c i e n t  t o  r e t u r n  
t h e  lung t o  near  PRC, but  t h i s  r e q u i r e s  an a d d i t i o n a l  increm ent  of  
energy e x p e n d i t u r e  by e x p i r a t o r y  muscles (V id ru k  & Dempsey, 1980 ) .
I t  i s  i m p o r ta n t  t o  n o te  t h a t  v i r t u a l l y  a i l  normal motor s k i l l s ,  of  
which b r e a t h i n g  i s  an example ,  a r e  a p p a r e n t l y  governed by one of  t h e  
o l d e s t  p r i n c i p l e s  in  t h e o r e t i c a l  s c ie n c e  -  t h e  p r i n c i p a l  o f  minimal  
e f f o r t  (V id ru k  & Dempsey, 1 9 8 0 ) .  Accord ing t o  MacConai11 & Basmaj ian  
(1969 as r e p o r t e d  in  V id r u k  & Dempsey, 1 9 8 0 ) ,  movement becomes as
e f f i c i e n t  as p o s s i b l e  through  a l e a r n i n g  process  t h a t  empiovs s e l e c t i v e  
i n h i b i t i o n  of m u scu la tu re  not  e s s e n t i a l l y  in v o lv e d  in  th e  movement.
The e x e r c i s e  s t im u l u s  cou ld  a c t i v a t e  a o rocess  which a p p l i e s  tn e  
p r i n c i p l e  o f  minimal  e f f o r t  t o  e x e r c i s e  hvperonea.  A g e n e r a l I v  
accepted  concept  of t h e  c o n t r o l  o f  s k e l e t a l  muscle i n v o l v e s  t h e  id e a  
t h a t  many movements such as th o se  employed in  locom ot ion  a r e  i n i t i a t e d  
by a s o e c i f i c  p a t t e r n  o f  d is c h a r g e  w i t h i n  a c e n t r a l  nervous system  
network o f  neurons (V id ru k  & Dempsey, 1 9 8 0 ) .  These movements can be 
a l t e r e d  by sensory  feedback  from in v o lv e d  muscles ( p e r i p h e r a l  f e e d ­
back) as w e l l  as by i n p u t s  from o t h e r  l o c i  in  t h e  CNS. The sensory  
i n n e r v a t i o n  o f  t h e  muscles o f  b r e a t h i n g  as w e l l  as th e  lungs a r e  a b l e  
t o  g e n e r a te  t h e  w e a l th  o f  p e r i p h e r a l  feedback a p p r o p r i a t e  t o  a c o n t r o l  
system d e a l i n g  w i t h  m in im iz in g  t h e  energ y  e x p e n d i t u r e  o f  b r e a t h i n g  
(V id ru k  & Dempsey, 1 98 0 ) .
One o f  t h e  most e f f e c t i v e  ad ju s tm en ts  made a t  t h e  v e r y  onset  o f  
e x e r c i s e  i s  t h e  change from p r e d o m in a t e ly  nose b r e a t h i n g  t o  mouth 
b r e a t h i n g  (V id ru k  & Dempsey, 1 9 8 0 ) .  T h is  change in  p a t t e r n  m in im izes  
t h e  r e s i s t a n c e  t o  a i r f l o w  and c o n seq u e n t ly  t h e  work o f  b r e a t h i n g  d u r in g  
e x e r c is e - i n d u c e d  hyperpnea.
V id ru k  & Dempsey (1980 )  propose t h a t  th e  p a t t e r n  of  e x e r c i s e -  
induced v e n t i l a t i o n  i s  gu ided  by a p r e c i s e  p r e c e p t .  One p o s s i b i l i t y  
being  t h a t  t h e  c o n t r o l  system i s  g e n e t i c a l l y  programmed. Another  i s  
t h a t  t h e  c o n t r o l  system i s  l e a r n e d .  V id r u k  & Dempsey (1980)  knew of  no 
s t u d i e s  which would v e r i f y  e i t h e r  o f  th e s e  e x p l a n a t i o n s .  V id ru k  & 
Dempsey (1980 )  suggested t h a t  i f  t h e  v e n t i l a t o r y  c o n t r o l  system has t h e
same c a p a b i l i t i e s  as those  c o n t r o l l i n g  movements, then i t  seems 
re a s o n a b le  t h a t  i t  cou ld  l e a r n  t o  accomplish  a t a s k  as e f f i c i e n t l y  as
p o s s i b l e .  T h is  suggests  t h a t  i f  such a p r e c e p t  cou ld  be p r e s e n t  in  th e
i n i t i a t i o n  o f  a s p e c i f i c  p a t t e r n  of  b r e a t h i n g  as f o r  o t h e r  ty p e s  of  
movement, then  t h e r e  should  be a feedback system c a p a b le  of p r o v i d i n g  
th e  p a t t e r n  g e n e r a to r  w i t h  a co n t in u o u s  f lo w  of sensory  d a ta  (V id ru k  & 
Dempsey, 1 9 8 0 ) ,
R e s p i r a t o r y  s in u s  a r r h y t h m ia  (RSA) i s  d e f i n e d  as t h e  oc c u r re n c e  of  
c y c l i c  f l u c t u a t i o n s  in  h e a r t  r a t e  t h a t  correspond w i t h  phase of  
r e s p i r a t i o n .  Normal i n d i v i d u a l s  a r e  ca p a b le  o f  a l t e r i n g  t h e i r  own 
l e v e l s  o f  RSA by e f f e c t i n g  p a r t i c u l a r  b r e a t h i n g  maneuvers.  Rap id ,
l o w - t i d a l - v o l u m e  b r e a t h i n g  w i l l  reduce  t h e  degree  o f  h e a r t  r a t e  
v a r i a b i l i t y  c o r re s p o n d in g  t o  r e s p i r a t o r y  phase. A s low ,  deep o a t t e r n  
of b r e a t h i n g ,  on th e  o t h e r  hand, w i l l  s i g n i f i c a n t l y  i n c r e a s e  th e  l e v e l  
of  RSA, and a b r i e f  pause between i n s p i r a t i o n  and e x p i r a t i o n  i s  l i k e l y  
t o  f u r t h e r  augment i t  (Angelone & C o u l t e r ,  1964; H i r s c h  & B ishop,  1981:  
Ross & S t e p t o e ,  1980 as r e p o r t e d  i n  Grossman, 1 98 3 ) .
The r e l a t i o n s h i p  between v e n t i l a t o r y  p a t t e r n  and RSA l e v e l  i s  
a p p a r e n t l y  t h e  same whether  i n d i v i d u a l s  v o l u n t a r i l y  a l t e r  t h e i r
b r e a t h i n g  p a t t e r n  or  sp o n ta n eo u s ly  m a n i fe s t  v e n t i l a t o r v  changes (H i rs c h  
& Bishop,  1981 as  r e p o r t e d  in  Grossman, 1983 ) ;  im p ly in g  t h a t  v a r i a t i o n s  
i n  b r e a t h i n g  p a t t e r n  c o n t i n u o u s ly  moderate c a r d i a c  a c t i v i t y  a t  l e a s t  
under c o n d i t i o n s  o f  r e s t  (Grossman, 1 9 8 3 ) .  O ther  s t u d i e s  ( F u j i h a r a  e t  
a l ,  1973; L in n a r s o n ,  1974; and S z iy k  e t  a l ,  1981 as r e p o r t e d  in  H ard in  
e t  a l ,  1987) conc lude  t h a t  e x e r c i s e  i s  r e g u l a t e d  p r i m a r i l y  by n e u ra l
mechanisms in  l i g h t  e x e r c i s e  and by b lood s t i m u l i  r e l e a s e d  from  
e x e r c i s i n g  muscles d u r in g  hard work. Endurance a t h l e t e s  aooear  t o  
deve lop  a f t e r  t r a i n i n g ,  s lo w e r ,  1a r g e r - t i d a l - v o l u m e  o a t t e r n s  o f  
b r e a t h i n g  d u r in g  r e s t  and a l s o  show h e ig h te n e d  l e v e l s  o f  RSA (A s t rana  & 
Rodahl .  1977; Karpov ich  & S in n in g ,  1971; Miyamura, Yamashima, & Honda. 
1976 as r e o o r t e d  in  Grossman, 1 98 3 ) .
The m a j o r i t y  of t h e  re s e a rc h  i n  th e  a r e a  o f  r e s o i r a t i o n  has been 
done on i n a c t i v e  p o p u la t i o n s  (Grossman. 1983, C la r k  e t  a l ,  1 9 8 3 ) .  Some 
r e s u l t s ,  however,  may be a p p l i c a b l e  t o  a more a c t i v e  p o p u l a t i o n .  
Research us ing  p o p u la t i o n s  of  h i g h l y  t r a i n e d  a t h l e t e s  i s  be ing  done.  
There  has been a sm al l  body o f  r e l e v a n t  d a ta  from s t u d i e s  in  co n sc ious  
man ( C la r k  e t  a l , 19 8 3 ) .  But t h e  d a t a  i s  s t i l l  l i m i t e d  by t h e  f a c t  
t h a t  most p r e v io u s  o b s e r v a t io n s  were made a t  r e s t i n g  o r  o n ly  m o d e ra te ly  
e l e v a t e d  l e v e l s  of  v e n t i l a t i o n .  I n v e s t i g a t o r s  have r e p o r t e d  t h a t  
v e n t i l a t i o n  r a t e s  a t  h igh  a l t i t u d e  were s i m i l a r  t o  r a t e s  a t  lower  
a l t i t u d e s ,  bu t  depth  of  b r e a t h i n g  was in c re a s e d  (as r e p o r t e d  in  H ard in  
e t  a l ,  1 9 8 7 ) .  O th e rs  s t a t e d  t h a t  both r a t e  and depth had in c re a s e d  
between lower  and h ig h e r  a l t i t u d e s  and h y p o th e s iz e d  t h a t  a t h l e t e s  would 
have t o  r e l e a r n  b r e a t h i n g  rhythms i f  th e y  were t o  p e r fo rm  e f f i c i e n t l y  
a t  a h ig h e r  a l t i t u d e .
C l a r k  e t  a l  (1983)  s t u d i e d  b r e a t h i n g  p a t t e r n s  in  e l i t e  oarsmen 
d u r in g  submaximal and maximal e x e r c i s e .  C l a r k  e t  a l  (1983)  found t h a t  
marked i n c r e a s e s  in  f re q u e n c y  ( f )  as e x e r c i s e  work load  approaches  
maximal l e v e l s  i s  accom plished by p r o g r e s s iv e  s h o r t e n in g  of  both  Te and 
T I  ( d u r a t i o n s  o f  e x p i r a t o r y  and i n s p i r a t o r y  phases of  th e  b r e a t h i n g
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c y c l e ) .  Dur ing  t n i s  t im e  both Te and T % c o n t in u e  t o  decrease  w i t n  Tg 
re m a in in g  s h o r t e r  than  I t - C iarK e t  a l  (1983)  r e p o r t e d  t h a t  th e  
d u r a t i o n  o f  Te i s  de te rm in ed  by th e  p r e v io u s  T% in  a n e s t h e t i z e d  c a t s .  
Th is  r e l a t i o n s h i p  i s  no t  a lways found in  consc ious  man, e s p e c i a l l y  
d u r in g  moderate h y p e r v e n t i l a t i o n  caused by e x e r c i s e  or  h y p e r c a p n ia .
C u r r e n t  c o n t r o l  models o f  v e n t i l a t i o n  a t  r e s t  emphasize
i n t e r a c t i o n s  between V% and T %, and some i n v e s t i g a t o r s  have concluded
t h a t  Te i s  d e te rm in ed  by t h e  p r e v io u s  T % ( C la r k  e t  a l ,  1 9 8 3 ) .  However,
d u r a t i o n  o f  Te both a t  r e s t  and d u r in g  e x e r c i s e  appears  t o  be
dete rm in ed  a t  l e a s t  p a r t l y  by l a r y n g e a l  r e g u l a t i o n  of  r e s i s t a n c e  t o  
e x p i r a t o r y  f l o w .  Dur ing  th e  more complex s t a t e s  of  l i g h t  t o  moderate  
e x e r c i s e ,  n e u ra l  c o n t r o l  f a c t o r s  a r e  modulated by chemica l  e f f e c t s ,  and 
th e  i n t e g r a t e d  c e n t r a l  and p e r i p h e r a l  i n f l u e n c e s  appear  t o  d e te r m in e  a 
b r e a t h i n g  p a t t e r n  t h a t  p r o v id e s  th e  r e q u i r e d  V% w i t h  minimal  
e x p e n d i t u r e  o f  work or  f o r c e  ( C la r k  e t  a l ,  1 9 8 3 ) .
C l a r k  e t  a i  (1983)  e x p la i n e d  t h e  prom inent  decrement in  Tg d u r in g  
heavy e x e r c i s e  by t h e  use o f  a c t i v e  e x p i r a t i o n .
H ard in  e t  a l  (1987)  s t u d i e d  t h e  v e n t i l a t i o n  p a t t e r n s  and s t r i d e  
r a t e s  i n  m id d le  d i s t a n c e  r u n n e r s .  • The purpose of  t h e  s tu d y  was t o  
i n v e s t i g a t e  t h e  e f f e c t s  of  p r o p r i o c e p t i v e  s t i m u l i  f rom muscles and 
j o i n t s  as e f f e c t o r s  o f  r e s p i r a t o r y  r a t e s ,  and t o  measure th e s e  
r e s p i r a t o r y  r a t e s  i n  a t h l e t e s  w h i l e  ru nn ing  a t  c o m p e t i t i v e  paces.
Using f o u r  male c o l l e g i a t e l y  s k i l l e d  m id d le  d i s t a n c e  ru n n e rs  
H ard in  e t  a l  (1987)  looked a t  t h e  r a t i o  o f  ru n n in g  s t r i d e s  t o  b r e a t h s  
d u r in g  a 8 8 0 - y a r d  r u n .  The number of  s t r i d e s  taken  d u r in g  each q u a r t e r
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( 2 2 0 - y a r d s )  o-f t h e  t e s t  was v e r y  c o n s ta n t  f o r  each of  t h e  ru n n e rs ,  
w h i l e  t h e  f re q u e n c y  of  r e s p i r a t i o n  in c r e a s e d  as t h e  t e s t  p ro g re s s e d .  
H a rd in  e t  a l  (1987)  proposed t h a t  t h e  degree  o f  s t im u l u s  from t h e
muscle and j o i n t  p r o p r i o c e p t i v e  mechanisms was r e l a t i v e l y  c o n s ta n t .
The in c r e a s e d  f re q u e n c y  of  r e s o i r a t i o n  must have been due t o
s t i m u l a t i o n  f rom  o t h e r  sources  such as humoral chemica l  s t i m u l i .
To sup por t  t h e  c o n c lu s io n  t h a t  humoral chemica l  s t i m u l i  a r e
i n v o l v e d ,  H a rd in  e t  a l  (1987)  ran t h e  same r u n n e rs  on a t r e a d m i l l  a t  
c o n t r o l l e d  r a t e s .  No b lood samples were an a lyz e d  t o  c o n f i r m  chemical  
Change and depth  of  b r e a t h i n g  was not  measured t o  show changes in
r e s p i r a t o r y  volumes, bu t  t h e r e  was i n d i c a t e d  t h a t  a mechanism ( p r o b a b ly  
c h e m ic a l )  o v e r r i d e s  t h e  p r o p r i o c e p t i v e  c o n t r o l s  o f  r e s p i r a t i o n  as th e  
s e v e r i t y  o f  e x e r c i s e  in c r e a s e s  (H ard in  e t  a l ,  1 9 8 7 ) .  H a rd in  e t  a i  
(1987)  proposed t h a t  t h e  d a t a  seem t o  sup por t  t h e  s ta te m e n t  by As trand  
and Rodahl ( 1 9 7 0 ) ,  "The e f f e r e n t  im pulses  f rom e x e r c i s i n g  l im bs  and 
s t i m u l a t i o n  from t h e  b r a i n  due t o  in c re a s e d  motor a c t i v i t y  must be 
co n s id e re d  as c o o r d in a te d  a c t i v a t o r s  o f  r e s p i r a t o r y  muscles bu t  t h e i r  
motorneurons a r e  s u b je c te d  t o  v a r i o u s  degrees  o f  i n h i b i t i o n  from th e  
r e s p i r a t o r y  c e n t e r s  depending on t h e  chemica l  c om po s i t ion  o f  t h e  
b 1ood".
I t  has been found t h a t  b r e a t h i n g  may be s y n ch ro n iz ed  w i th  
locom ot ion  i n  r u n n in g  mammals due t o  mechanical  c o n s t r a i n t s  (Bramble & 
C a r r i e r ,  1 9 8 3 ) .  Some i n v e s t i g a t o r s  have observed t h a t  b r e a t h i n g  
f re q u e n c y  i s  o f t e n  a s u b m u l t i p l e  o f  t h e  s te p p in g  r a t e  in  t r e a d m i l l  
e x e r c i s e ,  w h i l e  o t h e r s  have found no such r e l a t i o n s h i p  ( B a n n is t e r  e t
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a i ,  1954; Hey e t  a l ,  1966; Kay e t  a l .  1975 and 1957: Keiman & Watson.  
1973; as r e o o r t e d  in  C l a r k  e t  a i ,  1933 ) .
Most of  th e  e v id e n c e  f a v o r i n g  an i n t r i n s i c  l i n k a g e  between  
locom ot ion  and r e s p i r a t i o n  in  mammals has come from o h y s i o i o g i c a l  
e x o e r im e n ts  on a n e s t h e t i z e d ,  d e c e b r a t e  l a b o r a t o r y  a n im a ls  and from  
b i c y c l e  e rgom eter  t e s t s  on humans (Bramble & C a r r i e r ,  19 8 3 ) .  I t  has 
been shown t h a t  human s u b j e c t s  may d i s p l a y  com ple te  or  p a r t i a l  
e n t r a ln m e n t  of  r e s p i r a t o r y  r a t e  t o  s tep  or  pedal  f re q u e n c y  d u r in g  t e s t  
on t r e a d m i l l s  or  b i c y c l e  e rg o m e te rs .  Howeyer,  t h e  p e rc e n ta g e  o f  
s u b je c t s  e x h i b i t i n g  l o c o m o t o r - r e s p i r a t o r y  s y n c h r o n i z a t io n  in  such 
e x p e r im e n ts  has v a r i e d  g r e a t l y ,  and some i n v e s t i g a t o r s  have found no 
e v id en ce  of e n t r a in m e n t  (Bramble & C a r r i e r ,  1983, and C l a r k  e t  a l ,  
1983 ) .
V a r io u s  b iom echan ica l  c o n s i d e r a t i o n s  lead  t o  t h e  s im p le  
p r o p o s i t i o n  t h a t  locom ot ion  and r e s p i r a t i o n  a r e  not  independent  
phenomena in  ru nn ing  mammals (Bramble & C a r r i e r ,  19 3 3 ) .  T h is
p r o p o s i t i o n  i s  based on t h e  assumption t h a t  locom ot ion  imposes l i m i t s  
on r e s p i r a t o r y  f u n c t i o n  and t h a t  b r e a t h i n g  must t h e r e f o r e  be made t o  
f i t  t h e  locomotor  c y c l e .  For example ,  locom ot ion  and r e s p i r a t i o n  both  
r e l y  on c y c l i c  movements i n  t h e  same anatomic system, most s p e c i f i c a l l y  
t h e  t h o r a c i c  complex ( r i b s ,  s ternum , and a s s o c ia te d  m u scu la tu re )  
(Bramble & C a r r i e r ,  1 9 8 3 ) .  A ls o ,  because th e  y i s c e r a l  mass i s  not  
f i r m l y  connected t o  t h e  body f ram e i t  can be expected  t o  s h i f t  p o s i t i o n  
w i t h i n  t h e  abdominal  c a v i t y .  Because v i s c e r a l  motion w i l l  be somewhat 
out  o f  phase w i t h  t h a t  o f  t h e  m u s c u lo s k e le ta l  f ra m e ,  t h e  abdominal  mass
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p o t e n t i a l l y  c o n s t i t u t e s  a " v i s c e r a l  p i s t o n " ,  th e  movements of  which  
cou ld  i n f l u e n c e  r e s p i r a t i o n  by a l t e r i n g  i n t r a - a b d o m in a l  and 
i n t r a t h o r a c i c  volume (and p r e s s u r e )  (Bramble & C a r r i e r ,  19 8 3 ) .
Among modern mammals, humans a lo n e  u t i l i z e  a s t r i d i n g  b ip e d a l  
g a i t -  Because o f  t h i s  unusual locomotor  p a t t e r n  th e  t h o r a c i c  complex 
IS  no lo n g e r  s u b je c te d  t o  d i r e c t  impact lo a d in g  (Bramble & C a r r i e r ,  
1 98 3 ) .
Bramble & C a r r i e r  (1983)  s t u d i e d  human r u n n e rs  f o r  lo c o m o to r -  
r e s p i r a t o r y  c o u p l in g  (LRC) . The s u b je c t s  in c lu d e d  both e x p e r ie n c e d ,  
c o n d i t io n e d  r u n n e rs  and persons hav ing  l i t t l e  or  no s e r i o u s  ru n n in g  
e x p e r ie n c e .  B r e a th in g  s i g n a l s  and f o o t f a l l s  were recorde d  d u r in g  s low ,  
moderate ,  and f a s t  r u n n in g  speeds.
B r e a th in g  and g a i t  were t i g h t l y  coupled in  t h e  e x p e r ie n c e d  
r u n n e rs .  P h ase - lo cked  locomotor  and r e s p i r a t o r y  c y c le s  were observed  
i n  th e s e  i n d i v i d u a l s  f o r  runs up t o  1 .2 5  m i l e s  (Bramble & C a r r i e r ,  
1983) .  In  a i l  cases i t  was e v i d e n t  t h a t  b r e a t h i n g  was e n t r a i n e d  t o  
g a i t  and not  t h e  r e v e r s e .  In  t h e  most e x p e r ie n c e d  (marathon)  r u n n e rs ,  
phase lo c k in g  occ ur re d  w i t h i n  t h e  f i r s t  f o u r  or  f i v e  s t r i d e s  o f  a ru n .  
Less e x p e r ie n c e d  r u n n e rs  r e q u i r e d  somewhat lo n g e r  d i s t a n c e s  b e f o r e  
b r e a t h i n g  and g a i t  were f u l l v  coupled (Bramble & C a r r i e r ,  1 9 8 3 ) .  The 
in e x p e r ie n c e d  r u n n e rs  t y p i c a l l y  showed l i t t l e  or  no tendency  t o  
s y n c h r o n iz e  g a i t  and r e s p i r a t i o n .
Bramble & C a r r i e r  (1983)  found t h a t  humans use a t  l e a s t  f i v e  
d i s t i n c t  c o u p l in g  p a t t e r n s ,  w i t h  t h e  predominant  r a t i o  a p p e a r in g  t o  oe 
2 :1  ( s t r i d e s  pe r  b r e a t h ) .  S lower  s u s ta in e d  ru n n in g  speeds a r e
f r e q u e n t l y  accomoanied bv a r a t i o  of  4 : 1 .  As speed in c r e a s e s  t h e  r a t i o  
d e c re a s e s .  S h i f t s  in  c o u p l in g  r a t i o  o ccurred  q u i c k l y  and smoothlv over  
j u s t  a few s t r i d e s  (Bramble & C a r r i e r ,  1 9 8 3 ) .  O ther  s u s ta in e d  LRC 
r a t i o s  observed in  humans ru nn ing  a t  moderate speed were 3 : 1 ,  5 : 2 ,  and
The b u lk  f lo w  of  a i r  t o  and from th e  lungs occurs  in  d i s c r e t e  
p u ls e s  r a t h e r  than  as smooth d i p h a s ic  f lo w  (Bramble & C a r r i e r ,  1 9 8 3 ) .  
E x h a l a t i o n  beg ins  in  t h e  f l o a t i n g  phase of  t h e  locom otor  c y c l e .  Most 
a i r  i s  e x p e l l e d  in  a l a r g e  i n i t i a l  b u r s t  b e g in n in g  a t  or  v e r y  near  t h e  
impact  o f  th e  l e f t  f o o t  (Bramble & C a r r i e r ,  1 9 8 3 ) .  Both e x h a l a t i o n  and 
i n h a l a t i o n  a r e  commonly r e p r e s e n t e d  by two b u r s t s ,  w i t h  t h e  i n h a l a t i o n  
b u r s t s  b e ing  of  much lower  a m p l i tu d e  than  those  o f  e x h a l a t i o n  (Bramble  
& C a r r i e r ,  1 9 8 3 ) .  The t im e  spent  in  e x h a l a t i o n  i s  n o t i c e a b l y  longer  
than  t h a t  devoted t o  i n h a l a t i o n .
Bramble & C a r r i e r  (1983)  found t h a t  r u n n e rs  in  whom b r e a t h i n g  and 
g a i t  a r e  t i g h t l y  coupled a r e  " f o o t e d " ; t h a t  i s ,  t h e  b e g in n in g  and end 
of  a r e s p i r a t o r y  c y c l e  a r e  a s s o c i a t e d  w i t h  t h e  same f o o t f a l l  when even  
c o u p l in g  r a t i o s  a r e  used (4 :1  or  2 : 1 ) .  The r e s u l t  i s  t h a t  t h e  c e n t e r  
of  g r a v i t y  i s  r a i s e d  h ig h e r  d u r in g  p u s h - o f f  by one le g  than  t h e  o t h e r ;  
c o n s e q u e n t ly ,  body lo a d in g  i s  expected  t o  be asymmetr ic  as w e l l  
(Cavanagh e t  a l ,  1977 as r e p o r t e d  in  Bramble & C a r r i e r ,  1 9 8 3 ) .
For humans, Bramble & C a r r i e r  (1983)  found t h a t  in c r e a s e s  in  
ru n n in g  speed a r e  no t  a t te n d e d  by changes o f  g a i t .  The i n a b i l i t y  of  
humans t o  change g a i t  w h i l e  ru nn ing  i m p l i e s  t h a t  t h e i r  e x c e p t io n a l  
c a p a c i t y  t o  a l t e r  b r e a t h i n g  p a t t e r n  cou ld  t o  some e x t e n t  r e p r e s e n t  an
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a l t e r n a t i v e  s t r a t e g y  f o r  r e g u l a t i n g  e n e r g e t i c  c o s t .  T h is  v a r i a o i e  
c o u p l in g  in  humans becomes a k ind  of  pulmonary g e a r in g  mecnanism w i t h i n  
a f i x e d  locomotor  program.
Bramble & C a r r i e r  (1983)  proposed t h a t  t h e  d a ta  from f r e e - r u n n i n g  
mammals s t r o n g l y  sup por t  t h e  concept  o f  n eu ro gen ic  c o n t r o l ,  but  do not  
i n d i c a t e  t h e  r e l a t i v e  im por tance  of  p e r i p h e r a l  as opposed t o  c e n t r a l  
mechanisms in  such c o n t r o l .  The s h i f t  o f  LRC r a t i o  in  human r u n n e rs
occurs w i t h o u t  any d e t e c t a b l e  a l t e r a t i o n  in  th e  motor orogram. Th is
i n d i c a t e s  t h a t  o t h e r  s t i m u l i ,  p r o b a b ly  m e t a b o l i c ,  t r i g g e r  t h e  change of
b r e a t h i n g  (Bramble & C a r r i e r ,  19 8 3 ) .
For y e a r s ,  l e a d in g  swim coaches have promoted hypox ic  t r a i n i n g
c o n d i t i o n s  w i t h  t h e  i n t e n t  o f  p roduc ing  p h y s i o l o g i c a l  changes which may 
enhance swim per form ance  i n  a e r o b ic  and a n a e ro b ic  e v e n ts  ( B e l l ,  1 9 8 1 ) .  
During swimming, an i n v o l u n t a r y  hyp ox ia  e x i s t s  due t o  t h e  r h y t h m ic a l  
moyements o f  t h e  arms and t h e  head t o  b r e a t h e .  Bel 1 (1 9 8 1 )  s t u d i e d  th e  
e f f e c t s  of two b r e a t h i n g  p a t t e r n s  (1 ,  b r e a t h i n g  e v e ry  s t r o k e ,  2.
b r e a t h i n g  e v e ry  o t h e r  s t r o k e )  on s e l e c t e d  p h y s i o l o g i c a l  pa ram e te rs  of
male swimmers. B e i l (1981)  concluded t h a t  when b r e a t h i n g  o n ly  on
a l t e r n a t e  arm s t r o k e s ,  a swimmer can . per fo rm  a t  submaximal speed w i th  
lower  m e t a b o l ic  c o s t .  A d d i t i o n a l l y ,  i t  i s  p o s s i b l e  t h a t  when 
p e r fo r m in g  a t  n e a r  maximal speeds in  t h e  2 0 0 -y a r d  f r e e s t y l e ,  a swimmer 
w i l l  i n c u r  l e s s  f a t i g u e  when b r e a t h i n g  on a l t e r n a t e  arm s t r o k e s  ( B e l l ,  
1 98 1 ) .
H a rd in  e t  a l  (1987)  proposed a p r a c t i c a l  a p p l i c a t i o n  from t h e  d a t a  
c o l l e c t e d ,  " . . . t h a t  r e q u i r i n g  an a t h l e t e  t o  c o n c e n t r a t e  on r h y t h m ic a l
O re a th in q  d u r in g  endurance e v e n ts  mav be w a r ra n te d ,  a l th o u g h  b r e a t h i n g  
p a t t e r n s  a d j u s t  through s e v e r a l  mechanisms t h a t  a r e  s e i t - r e q u i a c o r y  
even a t  h igh  a l t i t u d e s .  However,  t h e  co s t  of  a d d i t i o n a l  o r e a t h i n g  
(('-ate and ceo th )  w i l l  i n v o i v e  manv r e s p i r a t o r y  muscles ana t h a t  th e s e  
muscles,  i f  not  c o n d i t i o n e d ,  may become a l i m i t i n g  f a c t o r  in  endurance  
c o n t e s t s " ,  M a r t i n  e t  a l  ( 1 9 8 4 ) ,  however,  i n d i c a t e  t h a t  a n a e ro o ic  
metaool ism  in  maximal e x e r c i s e  may w a r ra n t  b r e a t h i n g  c o n t r o l  ( r e p o r te d  
in  H a rd in  e t  a l ,  1 9 6 7 ) .
The components o f  t h i s  s tu d y ,  r e s p i r a t i o n  and per form ance  a r e  
i n t e r r e l a t e d  w i t h  t h e  a c t i v i t y  o f  r e l a x a t i o n .  I t  appears  t h a t  t h e  
t y p i c a l  r e s p i r a t o r y  p a t t e r n  c h a r a c t e r i s t i c  of s t r e s s f u l  s i t u a t i o n s  i s  
one of  r a p i d  r a t e ,  a l t e r e d  t i d a l  volume,  r e l a t i v e  hypocapn ia ,  and 
p r e d o m in a t e ly  t h o r a c i c  mode. R e la x in g  enhances a b d o m in a l -
d i a p h r a g m a t ic  b r e a t h i n g  th u s  r e l i e v i n g  t h e  s t r e s s f u l  s i t u a t i o n .  A s ign  
of  a r e l a x e d  s t a t e  i s  a change in  r e s p i r a t i o n .  Deep o r e a t h i n g  w i t h  
long e x h a l a t i o n s  c o n t r i b u t e  t o  r e l a x a t i o n  ( C u r t i s  & D e t e r t ,  1 9 8 1 ) .  
R e la x a t io n  i s  a l s o  a f u n c t i o n  o f  peak per fo rm ance .  Peax per fo rm ance  i s  
a t im e  when e v e r y t h i n g  comes t o g e t h e r  e x a c t l y  r i g h t  and e v e ry  movement 
15 f l u i d ,  s u re ,  and n a t u r a l  f o r  t h e  a t h l e t e  ( G a r f i e l d  & B e n n e t t ,  1 9 8 4 ;  
E l l i o t t ,  1 9 8 4 ) .  T h is  l e v e l  o f  per fo rm ance  occurs  when th e  a t h l e t e  i s  
r e l a x e d  and l e t s  h i s  p h y s ic a l  s k i l l s  f lo w  a u t o m a t i c a l l y  ( G a r f i e l d  & 
B e n n e t t ,  1 9 8 4 ) .  R e l a x a t i o n  i s  a p h y s i o l o g i c a l  s t a t e  t h a t  i s  t h e  
o p p o s i t e  o f  t h e  s t r e s s  s t a t e  ( C u r t i s  & D e t e r t ,  1 9 8 1 ) .  The r e l a x a t i o n  
response i s  u s u a l l y  a t t a i n e d  by f i r s t  a l t e r i n g  t h e  r e s p i r a t i o n  p a t t e r n .  
For r e l a x a t i o n  t h e  r e s p i r a t i o n  p a t t e r n  i s  a l t e r e d  by p r o lo n g in g  t h e
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e x h a l a t i o n ;  a f e a t u r e  c o n ta in e d  in  t h e  o r e a t h i n g  o a t r e r n  used by tn e  
p re s e n t  s u b j e c t s .  A s tudy  by Haas, Axen, E h r 1 1 chman, & Haas (1980 as 
r e p o r t e d  in  Grossman, 1983) found r e s u l t s  c h a r a c t e r i z i n g  tn e  
d i f f e r e n c e s  between r e l a x e d  peo p le  and anx ious  p e o p le .  I n d i v i d u a l s  
whose h a b i t u a l  b r e a t h i n g  p a t t e r n s  were s low and of  l a r g e  t i d a l  volume  
were found t o  be c o n f i d e n t ,  e m o t i o n a l l y  s t a b l e ,  and p h y s i c a l l y  and 
i n t e l l e c t u a l l y  a c t i v e  i n d i v i d u a l s .  On t h e  o t h e r  hand, r a p i d ,  lo w -  
t i d a l - v o l u m e  b r e a t h e r s  tended t o  be p a s s iv e ,  dependent ,  f e a r f u l  and 
shy. D i f f e r e n c e s  between groups were s i g n i f i c a n t .
These f i n d i n g s  a r e  supported  by s e v e r a l  s t u d i e s  which c l e a r l y  
i n d i c a t e  t h a t  v o l u n t a r y  a l t e r a t i o n s  in  b r e a t h i n g  p a t t e r n  can m odula te  
th e  s u b j e c t i v e  e x p e r ie n c e  o f  s t r e s s f u l  s i t u a t i o n s  (as r e p o r t e d  in  
Grossman, 1 98 3 ) .
R e l a x a t i o n  nas a l s o  been r e p o r t e d  t o  dec re ase  oxygen consumption.  
For a d i s t a n c e  runner  t h i s  means t h a t  he w i l l  r e q u i r e  l e s s  oxygen t o  
run t h e  same speed ( E l l i o t t ,  1 9 8 4 ) .
Zi (1986)  has used t h e  id e a  o f  imagery t o  h e lp  p e o p le  l e a r n  t o  
c o n t r o l  and t o  u t i l i z e  more e f f i c i e n t l y  t h e i r  r e s p i r a t i o n .  Zi (1986)  
f e e l s  hav ing  an e f f e c t i v e  b r e a t h i n g  system per form ance  in  any a c t i v i t y  
w i l l  be enhanced. T h is  s tu d y  i s  a t t e m p t i n g  t o  i n v e s t i g a t e  th e  e f f e c t s  
of  a s p e c i f i c  r e s p i r a t i o n  p a t t e r n  f o r  ru n n e rs .  The r u n n e rs  t h a t  a r e  
t h e  s u b j e c t s  i n  t h i s  s tudy  a r e  t o  use a r e s p i r a t i o n  p a t t e r n  t h a t  
i n v o l v e s  i n h a l i n g  f o r  two (2) s t r i d e s  and e x h a l i n g  f o r  t h r e e  (3)  
s t r i d e s  w h i l e  p e r fo r m in g  a t  maximal and submaximal e x e r t i o n .  Th is  
s tu d y  w i l l  i n v e s t i g a t e  t h e  e f f e c t s  o f  t h i s  o r e a t h i n g  p a t t e r n  on t h e
r u n n e rs  per form ance  a t  two d i f f e r e n t  w ork lo ads .
C hapter  3 
METHOD
P i l o t  S tu dy
A p i l o t  s tudy  was conducted d u r in g  t h e  f a l l  q u a r t e r  of  1986. F i v e  
male s u b j e c t s  from t h e  U n i v e r s i t y  of  Montana Cross Country  team 
p a r t i c i p a t e d  in  mental  p r a c t i c e  o f  a s p e c i f i c  r e s p i r a t i o n  p a t t e r n .  The 
o b j e c t i v e  was t o  teach  t h e  ru n n e rs  t o  c o n s c io u s ly  m a n ip u la te  t h e i r  
b r e a t h i n g  p a t t e r n  t o  improve ru nn ing  e f f i c i e n c y .  The s u b j e c t s  averaged  
6 . 8  s e s s io n s  which l a s t e d  a p p r o x im a t e ly  f i f t e e n  m inutes  each.  From th e  
feedback g iven  th e  r e s e a r c h e r  th ro u g h o u t  th e  p i l o t  s tudy  t h e  p r e s e n t  
s tudy  was dev e lo p ed .
For s e v e r a l  reas o n s ,  t h i s  s tudy  was developed from t h e  p i l o t  
s tu d y .  F i r s t ,  because of  f a m i l i a r i t y  w i t h  t h e  t a s k  t h e  s u b j e c t s  from  
t h e  p r e v i o u s  s tudy  were used. The s u b je c t s  p r i o r  e x p e r ie n c e  both  
p h y s i c a l l y  and m e n t a l l y  w i t h  th e  s p e c i f i c  r e s p i r a t i o n  p a t t e r n  
c l a s s i f i e d  t h e  ru n n e rs  as be ing  s k i l l e d  a t  t h e  t a s k .  Second, t h e  
b e n e f i t s  of r e l a x a t i o n  and v i s u a l i z a t i o n ,  ( e . g . ,  lowered a ro u s a l  and 
improved c o n c e n t r a t i o n )  were r e p o r t e d  in  t h e  p i l o t  s tu d y .  T h i r d ,  th e  
id e a  t h a t  consc ious  c o n t r o l  o f  r e s p i r a t i o n  may improve runn ing  
perform ance  a n d /o r  e f f i c i e n c y .
T h i s  i n v e s t i g a t i o n  i s  an e x t e n s io n  of  a p i l o t  s tudy  us ing  t h e  same 
sample.  The i n v e s t i g a t o r  worked in  c o n ju n c t i o n  w i t h  t h e  r u n n in g  coach 
a t  t h e  U n i v e r s i t y  o f  Montana, t e a c h i n g  p a r t i c u l a r  b r e a t h i n g  e x e r c i s e s  
t o  t h e  r u n n e r s .  The o b j e c t i v e  was f o r  t h e  r u n n e rs  t o  g a in  consc ious  
c o n t r o l  o f  t h e i r  b r e a t h i n g  in  a more energy  e f f i c i e n t  p a t t e r n  t o  a id  in
p er fo rm a n c e .  D ur ing  th e  l a s t  yea r  t h e  r u n n e rs  ( s u b j e c t s )  had been 
exposed t o  th e  b r e a t h i n g  p a t t e r n  v i a  v e r b a l  communicat ion from th e  
coach.
PROCEDURE
S u b je c ts
The s u b j e c t s  i n  t h i s  s tudy  were s ix  (6) c o l l e g i a t e  and p o s t -  
c o l l e g i a t e  d i s t a n c e  r u n n e rs .  Four were members of  t h e  U n i v e r s i t y  o f  
Montana Cross c o u n t r y  and t r a c k  teams,  w h i l e  two were alumnus of those  
teams. The ru n n e rs  p a r t i c i p a t e d  on t h e  b a s is  o f  t h e i r  in vo lvem en t  from  
t h e  p i l o t  s tu d y .  Informed consent  was o b ta in e d  from each s u b j e c t .  (See 
Appendix A) The ru n n e rs  worked w i t h  t h e  i n v e s t i g a t o r  in  u n s t r u c t u r e d  
mental p r a c t i c e  s es s io n s  f o r  s i x  weeks, r e h e a r s in g  th e  c o n t r o l l e d  
r e s p i r a t i o n  p a t t e r n .  S u b je c ts  were i n s t r u c t e d  t o  p h y s i c a l l y  p r a c t i c e  
t h e  r e s p i r a t i o n  p a t t e r n  w h i l e  r u n n in g .  Da ta  was c o l l e c t e d  t o  assess  
t h e  s u b j e c t s  c h a r a c t e r i s t i c s  in  terms o f :  age ,  h e i g h t ,  w e ig h t ,  number
of  y e a r s  r u n n in g ,  number o f  y e a rs  ru nn ing  c o l l e g i a t e l y  and p o s t -  
co l  l e g i a t e l y ,  and b es t  t im e  f o r  s p e c i f i c  d i s t a n c e s  (see Appendix B ) . 
P h y s ic a l  c h a r a c t e r i s t i c s  o f  t h e  s u b j e c t s  can be found i n  T ab le  1. Each 
of  t h e  s u b je c t s  were in  a t r a n s i t i o n  f ro m  a p r e - c o m p e t i t i o n  program t o  
a c o m p e t i t i o n  program o f  t r a i n i n g  when t h e  d a t a  was g a th e re d  in  March 
of 1987.
Apparatus
The p er fo rm ance  measurement was done on a Quin ton t r e a d m i l l  us ing  
an o p e n - c i r c u i t  s p i r o m e t r y .  Measurement of  t h e  number of  b r e a t h s  
(counted as i n h a l a t i o n s ) ,  t h e  volume of  a i r  v e n t i l a t e d  through  t h e  
lu n g s ,  t h e  volume o f  oxygen used, carbon d i o x i d e  volume produced,  and
TABLE 1
C h a r a c t e r i s t i c s  of  S u b ie c ts








1 21 175 6 3 . 5 5 4 : 2 0 16 :48
2 20 175 66.  75 15 :30
3 18 1 7 7 .5 6 8 . 4 5 3 : 5 9
4 20 1 7 2 .5 5 8 . 0 0 4 : 0 2 14 :46
5 26 1 7 7 ,5 6 9 . 9 0 4: 10 15 :22
6 24 180 6 7 . 8 0 3:51 13 :56
Means 2 1 . 5 1 7 6 .25 6 5 . 7 4 4 : 0 4 15 :26
r e s p i r a t o r y  q u o t i e n t  <RQ) was reco rd e d  by a Beckman M e t a b o l i c  
Measurement A p para tus  (MMA) f o r  each s u b j e c t .  A nose c l i p  was worn as 
p a r t  o f  t h e  s p i r o m e t r y  a p p a r a tu s .  F i g u r e  1 shows p i c t u r e s  of  t h e  
Beckman MMA and a s u b je c t  hooked up t o  i t .
H e a r t  r a t e  was reco rd e d  by a Quantum XL H e a r t  Ra te  M o n i t o r .  
F i g u r e  2 shows t h e  Quantum XL H e a r t  r a t e  m o n i to r  and as i t  was worn by 
th e  s u b j e c t s .
A Panasonic  V ideo  Recorder  and Camera was used t o  v i d e o t a p e  t h e  
number o f  s t r i d e s  t h e  ru n n e r  took  in  c o n ju n c t i o n  w i t h  h i s  v e n t i l a t i o n .
The camera was p o s i t i o n e d  d i a g o n a l l y  o-ft of  t h e  s u b j e c t s  r i g h t  
s h o u ld e r ,  a t  head l e v e l ,  focused in  on th e  f a c e  and th e  s p i r o m e t r y  
m outhpiece .  A 3 ' x 5' m i r r o r  was p o s i t i o n e d  on th e  l e f t  s i d e  of  t h e  
s u D je c t  t o  r e f l e c t  t h e  l e g s  i n t o  th e  camera. T h is  process  p r o v id e d  a 
s p l i t  screen  image on one v id e o  camera and r e c o r d e r .  F i g u r e  3 shows 
p i c t u r e s  of  th e  la b  s e t  up in  te rm s o f  th e  v id e o  camera and m i r r o r .  
Design
The c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n  c o n s is te d  o f  i n h a l i n g  f o r  two 
(2) s t r i d e s  and e x h a l i n g  f o r  t h r e e  (3) s t r i d e s .  The main c r i t e r i o n  was 
th e  o cc u r re n c e  o f  a lo n g e r  e x h a l a t i o n  phase than  i n h a l a t i o n  phase  
in  terms o f  t h e  number o f  s t r i d e s  t a k e n .  T h is  c o n t r o l l e d  r e s p i r a t i o n  
p a t t e r n  was compared t o  t h e  r u n n e rs  u n c o n t r o l l e d  normal r e s p i r a t i o n  
p a t t e r n .
I n d i v i d u a l s  have r e p o r t e d  t h e  use o f  d i f f e r e n t  r e s p i r a t i o n  
p a t t e r n s  ( i . e . ,  2 s t r i d e s  i n h a l e - 3  s t r i d e s  e x h a le ,  2 - 5 ,  3 - 4 )  f o r  
enhanced per form ance  ( P l u n k e t t ,  1 9 8 6 ) ,  but  no e m p i r i c a l  l a b o r a t o r y  
s t u d i e s  cou ld  be found by t h e  i n v e s t i g a t o r .  The two p rocedures  a r e ;  
group A = t e s t  1 & 3 ru nn ing  and t e s t  2 & 4 fo c u s in g  on th e  
e x h a l a t i o n ,  group B = t e s t  1 & 3 f o c u s in g  on t h e  e x h a l a t i o n  and t e s t  2 
& 4 r u n n in g .  The s u b j e c t s  were randomly p laced  i n t o  th e  two p roce dure  
groups.  The p er fo rm ance  t a s k  chosen was a s p e c i f i c  c o n t r o l l e d  
r e s p i r a t i o n  p a t t e r n  used d u r in g  r u n n in g ,  a t  a maximal and submaximal  
a e r o b ic  e f f o r t .  H a l f  o f  t h e  s u b j e c t s  (group A) were i n s t r u c t e d  t o  
focus  on t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  ( e x h a l a t i o n )  f o r  t h e  f i r s t  
and t h i r d  t e s t s  w h i l e  t h e  o t h e r  s u b j e c t s  (group B) ran  n o r m a l ly  f o r  t h e  
f i r s t  and t h i r d  t e s t s .  For t h e  second and f o u r t h  t e s t s  group A was
z c j
F i g u r e  1.
P i c t u r e s  of  th e  Beckman M e ta b o l ic  Measurement Apparatus and a s u b je c t  
hooked t o  th e  a p p a ra tu s .
F i g u r e  2 .
The Quantum XL H e a r t  Ra te  m o n i to r  as worn by t h e  s u b je c ts ,
i ‘ b
F ig u re  3.
Lab se t  up o+ th e  v ideo  camera and m ir r o r
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i n s t r u c t e d  t o  run n o r m a l ly  w h i l e  group B was i n s t r u c t e d  t o  focus  on th e  
e x h a l a t i o n  f o r  th e  second and f o u r t h  t e s t s .
P r i o r  t o  t h e  t e s t i n g  day t h e  s u b je c t s  a t te n d e d  an a c c l i m a t i z a t i o n
p e r io d  O f  ru n n in g  on th e  t r e a d m i l l  w i th  a mouthpiece and nose c l i p  
a t t a c h e d .
The t e s t i n g  began w i t h  a f i v e - m i n u t e  warm-up run f o r  th e  s u b je c t  
on t h e  t r e a d m i l l .  The s u b j e c t  was then hooked up t o  t h e  ECb a p p a ra tu s  
and t h e  s p i r o m e t r y  mouthpiece and nose c l i p .  The t e s t i n g  p e r io d  was 
conducted from a ru nn ing  s t a r t .  The t r e a d m i l l  was s t a r t e d  a t  3 m i l e s  
per  hour <mph) w i t h  th e  s u b je c t  on i t .  Every  f i v e  seconds t h e  speed  
was in c r e a s e d  1 mph up t o  t h e  t a s k  pace;  1 2 .7 5  mph f o r  t e s t s  1 & 2 or
9 . 7 5  mph f o r  t e s t s  3 & 4.  F i f t e e n  seconds a f t e r  th e  ta s k  speed was
a ch iev ed  t h e  3 - m in u te  d a ta  c o l l e c t i o n  p e r io d  began. Every  15 seconds  
h e a r t  r a t e  (HR) was recorde d  and e ve ry  30 seconds v e n t i l a t i o n ,  oxygen 
consumption,  r e s p i r a t o r y  q u o t i e n t ,  and t h e  number of  b r e a t h s  was
reco rd e d  (see Appendix C & D ) . V ideo t a p i n g  was conducted over  th e
e n t i r e  p ro c e d u re .  The p r o t o c o l  l i s t e d  above was re p e a te d  f o r  a l l  f o u r  
t e s t s .
DATA ANALYSIS
The p h y s i o l o g i c a l  per fo rm ance  r e s u l t s  were a n a ly z e d  by use of a 
t - t e s t  comparing t h e  c o n t r o l l e d  t e s t  t o  t h e  u n c o n t r o l l e d  t e s t  a t  both  
i n t e n s i t y  leve ls * .  Each 30 second segment of  t h e  t e s t s  were compared as 
w e l l  as t h e  mean sc o re  f o r  each t e s t .  S i g n i f i c a n c e  was de te rm in e d  t o  
occur  a t  t h e  . 0 5  a lp h a  l e v e l .  The v id e o s  were a n a ly z e d  f o r  t h e  r a t i o
of  s t r i d e s  t o  b r e a t h s  f o r  comparison o f  t h e  number o f  s t r i d e s  ta k e n
d u r in g  e x h a l a t i o n  and t h e  number o f  s t r i d e s  ta k e n  d u r in g  i n h a l a t i o n .
The v id e o s  were an a ly z e d  i n  s lo w -m o t io n  soeed by th e  i n v e s t i g a t o r  and 
an a s s i s t a n t  c o u n t in g  t h e  number o f  i n h a l a t i o n s  and e x h a l a t i o n s  in  
comparison t o  th e  number of  s t r i d e s .  The t o t a l  number o f  b r e a t h s  taken  
f o r  each 30 second seqment were a l s o  re c o rd e d .
CHAPTER 4 
ANALYSIS  OF RESULTS 
T h is  c h a o te r  p r e s e n ts  th e  d a t a  o b ta in e d  in  t h i s  s tudv  and
s t a t i s t i c a l  a n a l y s i s  of  t h e  d a t a .
The c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n  on th e  pa ram e te rs  measured was 
compared t o  t h e  u n c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n ,  us ing  a t w o - t a i l e d  
t  t e s t  t o r  t h e  mean d i f f e r e n c e  a t  t h e  . 0 5  a lp h a  l e v e l  of  s i g n i f i c a n c e .  
Tes t  means, t h e  mean d i f f e r e n c e s ,  and t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of  
d i f f e r e n c e s  f o r  th e  te n  v a r i a b l e s  measured ac ros s  th e  i n d i v i d u a l  t im e  
segments and t h e  sum o f  th o s e  t im e  segments a r e  p r e s e n te d  i n  t a b l e s  2 
th rough  11 and 12 through  21 ,  r e s p e c t i v e l y .
M odera te  i n t e n s i t y  t e s t s
F i v e  o f  t h e  s u b j e c t s  completed both 4 - m in u te  t e s t s ,  w h i l e  th e
s i x t h  s u b j e c t  was stopped a f t e r  two m inutes  o f  h i s  second t e s t .  T h is  
s u b je c t  d id  not  com ple te  e i t h e r  o f  t h e  h igh  i n t e n s i t y  t e s t s .  No
o v e r a l l  d i f f e r e n c e s  between th e  c o n t r o l l e d  b r e a t h i n g  t e s t  and t h e  
u n c o n t r o l l e d  t e s t  were shown w i t h  th e  e x c e p t io n  of  one s i g n i f i c a n t  3 0 -  
second t im e  segment.  T a b le  10 i n d i c a t e s  t h e  number o f  s t r i d e s  taken  
per  30 second segment f o r  a l l  t e s t s .  During t h e  f i f t h  segment ( 1 2 0 -
150s> t h e  number o f  s t r i d e s  ta k e n  d u r in g  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  
were s i g n i f i c a n t l y  g r e a t e r  than  those  taken  d u r in g  t h e  u n c o n t r o l l e d  
t e s t  (39 s t r i d e s  t o  83 s t r i d e s  r e s p e c t i v e l y ,  p < 0 . 0 0 6 ) .
D ur ing  t h e  seventh  segment ( 1 8 0 -2 1 0 s )  t h e  p r o d u c t io n  o f  carbon  
d i o x i d e  (VCOz in  m l /m in )  was g r e a t e r  d u r in g  t h e  c o n t r o l l e d  b r e a t h i n g
t e s t  compared t o  t h e  u n c o n t r o l l e d  t e s t  ( 2 , 7 5 3 . 0  L t o  2 , 5 9 5 . 4  L
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TABLE 2
T o t a l  V e n t i l a t i o n  (m l /m in )
Means and s i g n i f i c a n c e  l e v e l  o f  each 30  second (s )  segm ent f o r  th e
M o d e ra te  i n t e n s i t y  t e s t s .
Time
Means
C o n tro l  led  
B r e a th in g
U n contro l  led  
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
0 - 3 0 s n=6 6 5 , 5 2 0 . 5 0 7 1 , 6 3 5 . 0 0 - 6 , 1 1 4 . 5 0 0 .  161
3 0 -6 0 s n=6 7 8 , 8 4 7 . 0 0 8 2 , 7 0 8 . 5 0 - 3 , 8 6 1 . 5 0 0 . 4 7 5
60 -90S n=6 8 1 , 6 2 9 . 3 3 8 4 , 8 8 6 . 6 6 - 3 , 2 5 7 . 3 3 0. 403
9 0 - 120s n=6 8 5 , 4 1 7 . 8 3 8 3 , 8 7 2 . 1 6 1 , 5 4 5 . 6 6 0 . 7 4 5
1 2 0 -1 50s n=6 8 4 , 2 0 9 . 3 3 8 2 , 3 3 9 . 5 0 1 , 3 6 9 .S 3 0 . 7 1 0
150 -180s n=5 8 0 , 0 1 4 . 2 0 8 3 , 4 0 9 . 8 0 - 3 , 3 9 5 . 6 0 0 . 3 9 8
1 8 0 -2 1 Os n=5 8 2 , 8 5 2 . 8 0 8 3 , 2 6 1 . 6 0 -  4 0 8 .8 0 0 . 9 0 9
210 -240S n=5 7 9 , 6 0 1 . 4 0 8 3 , 5 0 3 . 4 0 - 3 , 9 0 2 . 0 0 0 . 3 1 0
Means and s i g n i f i c a n c e  l e v e l  f o r  each 30 second (s) segment f o r  th e  
High i n t e n s i t y  t e s t s .
Time
Means
C o n tro l  led  
B r e a th in g
U n c o n t ro l  led  
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
0 - 3 0 s n=5 8 6 , 5 0 8 . 2 0 9 3 , 2 7 9 . 2 0 —6 , 7 7 1 . 0 0 0 . 2 1 0
30 -60 S n=5 1 0 5 , 3 8 4 . 8 0 1 1 0 ,0 0 3 . 4 0 —4 , 6 1 8 . 6 0 0 ,  306
60 -90 S n=5 1 1 3 ,3 7 2 . 8 0 1 1 7 , 8 0 6 . 0 0 - 4 , 4 3 3 . 2 0 0 .3 0 7
9 0 - 120s n=5 1 1 9 , 9 0 4 . 6 0 1 2 4 ,1 3 9 . 2 0 —4 , 2 3 4 . 6U 0 . 3 6 0
1 2 0 - 150s n=3 1 1 7 , 5 2 6 . 3 3 1 1 6 , 2 8 3 . 6 6 1 , 2 3 7 . 6 6 0 . 8 6 7
1 5 0 - 180s n=3 1 2 1 ,1 1 2 . 3 3 1 2 1 ,5 8 0 . 3 3 — 4 6 8 .0 0 0.  960
TABLE 3
Oxygen Uptake  (VOs) ( m l /m in /k g )
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second (s )  segm ent f o r  t h e
M o d e ra te  i n t e n s i t y  t e s t s .
Time
Means
C o n tro l  led  
B r e a th in g
Mean
D i f f e r e n c e
U n contro l  led  
B r e a th in g
S i g n i f i c a n c e
* *
0 - 3 0 s n=6 3 2 . 9 6 3 4 . 6 0 - 1 . 6 3 0 . 6 1 0
3 0 - 6 0 s n=6 4 3 . 5 6 43.  19 0 . 3 5 0 . 7 3 5
6U“ 90s n=6 4 3 . 8 6 44 .  16 - 0 . 3 0 0 . 8 0 2
9 0 - 1 20s n=6 4 5 . 7 8 4 4 .4 1 1 .3 6 0 . 3 4 6
1 2 0 - 150s n=6 4 4 . 4 3  • 4 3 . 4 5 0 . 9 8 0 . 5 1 4
1 5 0 - 180s n=6 4 6 . 2 5 4 4 . 7 0 1 .5 5 0 . 0 6 9
1 8 0 - 2 10s n=5 46.  06 4 3 . 3 6 2 . 7 0 0 .0 2 1  * *
210 -240S n - 5 4 5 . 2 6 4 4 . 0 0 1 .2 6 0 . 2 0 4
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second (s)  segment f o r  t h e  High  
i n t e n s i t y  t e s t s -
1 i me
Means
C o n t r o l l e d
B r e a th in g
U n c o n t r o l l e d
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
0 - 3 0 s n=5 4 2 . 3 8 • 4 7 . 8 6 - 5 . 4 8 0 . 0 1 2  * *
30—60s n=5 5 2 . 4 8 5 4 . 0 4 — 1 .5 6 0 . 4 0 8
6 0 -90 S n=5 5 3 . 9 2 5 5 . 9 2 - 2 . 0 0 0.  304
9 0 - 120s n=5 57 .  10 5 7 . 6 4 - 0 . 5 4 0 . 6 2 9
1 2 0 - 150s n=3 5 4 . 0 6 5 7 . 8 3 - 3 . 7 6 0 . 2 6 3
1 5 0 - 180s n=3 55 .  46 60 .  80 - 5 .  33 0 .  132
TABLE 4
VÇO2  (volume of  Carbon D io x id e )
Means and s i g n i f i c a n c e  l e v e l  o t  each 30 second (s )  seqm ent f o r  t h e
M o d e ra te  i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l l e d  U n c o n t r o l l e d  
B r e a th in q  B r e a th in g
Mean S i g n i f i c a n c e
D i f f e r e n c e  * *
0 - 3 0 s
3 0 - 6 Û S
6 0 - 9 0 S





1 2 0 - 1 5 0 s  I n = 6
1 5 0 - 1 8 0 5  j n = 5  
1 8 0 - 2 1 0 s  i n = 5
2 1 0 -2 4 0 5  i n=5
1 . 8 3 6 . 3 3
2 . 4 1 2 . 1 6
2 . 5 4 4 . 3 3
2 . 7 4 5 . 3 3
2 . 7 1 5 . 1 6
2 . 6 9 1 . 8 0  
2 , 7 5 3 . 0 0
2 . 6 9 0 . 8 0
1 . 9 8 9 . 5 0  
2 , 5 1 9 . 8 3  
2 , 6 2 8 . 6 6
2 . 6 1 3 . 5 0
2 , 6 2 0 . 1 6
2 , 6 0 3 . 8 0  
2 , 5 9 5 . 4 0  
2 , 6 2 0 . 6 0
- 1 5 3 . 1 6  
—l 0 7 . 6 6  
-  8 4 . 3 3  
1 3 1 . 8 3  
9 5 . 0 0  
8 8 . 00 
1 5 7 . 6 0  
7 0 . 2 0
0 .  2 5 0  
0 . 2 8 9  
0 . 2 9 7  
0 . 2 6 0  
0 .  1 8 4  
0 . 2 4 9  
0 . 0 1 5  * *  
0 . 2 2 9
Means and s i g n i f i c a n c e  l e v e l  f o r  each 30 second (s) segment f o r  th e  
High i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l l e d
B r e a th in g
Means
D i f f e r e n c e
U n c o n t r o l l e d
B r e a th in g
Si g n i f i  cance
0—30s n=5 2 ,3 3 7 .2 0 2 ,3 9 6 .2 0 -  59 .00 0 .7 5 3
30-60s n=5 3 ,3 4 7 .0 0 3 ,2 1 9 .4 0 127.60 0. 648
60-90S n=5 3 ,7 9 9 .8 0 3 ,6 1 3 .6 0 186.20 0 .5 1 0
9 0 - 120s n=5 4 ,1 6 2 .0 0 3 ,9 6 1 .0 0 201 .00 0 .3 1 7
120-1505 n=3 3 ,7 3 6 .6 6 3 ,8 1 2 .3 3 -  7 5 .6 6 0 .8 0 5
1 5 0 - 180s n=3 3 ,8 3 5 .3 3 4 ,0 7 8 .3 3 - 2 4 3 . 0 0 0 .3 9 4
TABLE 5
R e s p i r a t o r y  Q u o t ie n t  (RQ)
Means and s i g n i f i c a n c e  l e v e l  o f  each 30  second (s )  segm ent f o r  t h e
M o d e ra te  i n t e n s i t y  t e s t s .
i i me
Means
C o n tro l  led  
B r e a th in g
U n contro l  led  
B r e a th in g
Mean
D i f f e r e n c e
S i a m  f  i cance  
* *
0 - 3 Ô S n=6 0 . 8 5 0 « 88 - 0 . 0 3 0 . 5 6 2
3 0 - 6 Ô S n=6 0 . 8 4 0 . 8 7 - 0 .  0 2 0.  170
6 0 - 9 0 S n=6 0 . 8 8 0 . 9 0 - 0 . 0 1 0.  159
9 0 - 120s n=6 0 .9 1 0 . 9 0 0 . 0 0 . 6 u 6
1 2 0 - 150s n=6 0 . 9 2 0 . 8 9 0 . 0 3 0.  070
1 5 0 - 180s n=5 0 . 9 0 0 . 9 0 - 0 . 0 0 0 .8 3 8
180 -2105 n=5 0 .9 1 0 .9 1 0 . 0 0 1 . 0 0 0
2 1 0 - 240s n=5 0 . 9 0 0 . 9 0 0 . 0 0 1 . 0 0 0
Means and s i g n i f i c a n c e  l e v e l  of  each 30 second (s> segment f o r  t h e  High  
i n t e n s i t y  t e s t s .
Time
Means
C o n tro l  led  
B r e a th in g
U n c o n t r o l l e d
B r e a th in q
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
0 - 3 0 s n=5 0 . 8 4 0 . 7 7 0 . 0 6 0 . 2 2 0
30—60s n=5 0 . 9 7 0 .9 1 0 . 0 5 0 . 3 6 9
60 -90 S n=5 1 .0 7 1 .0 0 0 . 0 7 0 .  179
9 0 - 120s n=5 1. 11 1 .0 5 0 . 0 5 0 .  178
1 2 0 - 150s n=3 1 .1 0 1 .0 5 0 . 0 4 0 .  302
1 5 0 - 180s n=3 1 .1 0 1 .0 7 0 . 0 3 0 . 3 7 4
TABLE 6
P e rc e n ta g e  o f  Carbon D io x id e  (CQg ) E x p ire d
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second (s) segment of th e  
M oderate  i n t e n s i t y  t e s t s .
Means
1 1  me
Mean S i g n i f i c a n c e
D i f f e r e n c e  * *
C o n tro l  led  
B r e a th in g
U n contro l  led  
B r e a th in g
0-3ÛS n=6 3 .9 2 3 .8 5 0.071 0 .277
30-60S n=6 4 .2 8 4.21 0. 075 (j. 650
60-90s n=6 4 .3 8 4 .2 9 0.091 0. 608
9 0 - 120s n=6 4 .5 2 4 .2 9 0 .2 2 8 0. 338
1 2 0 - 150s n=6 4 .5 2 4 .3 7 0 .1 4 8 0 .4 6 5
1 5 0 - 180s n=5 4 .7 2 4 .3 4 0 .3 8 2 0 .1 1 2
1 8 0 -2 10s n=5 4 .6 9 4 .3 2 0 .368 0. 132
210-2405 n=5 4 .7 6 4 .3 6 0 .408 0 .0 5 7
Means and s i g n i f i c a n c e  l e v e l  of  each 30 second (s) segment f o r  th e  High  
i n t e n s i t y  t e s t s .
I  i me
Means
C o n t r o l  led  
B r e a th in g
U n c o n t ro l  led  
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
0 - 3 0 5 n=5 3 . 7 9 3 . 5 4 0 . 2 4 4 0 .5 8 5
30—60s n=5 4 . 4 6 4 . 0 3 0 . 4 2 8 0 . 2 9 3
6 0 - 9 0 s n=5 4 . 6 7 4 . 2 6 0 . 4 1 0 0 . 2 3 3
9 0 - 120s n=5 4 . 8 4 4 . 3 9 0 . 4 5 2 0 . 1 8 9
1 2 0 - 150s n=3 4 . 5 5 4 . 5 8 - 0 . 0 3 6 0 . 8 9 8
150 -1 805 n=3 4 . 4 8 4 . 6 5 - 0 . 1 6 3 0 . 4 9 8
TABLE 7
P e rc e n ta g e  o f  Oxygen used (Q^ )_
Means and s i g n i f i c a n c e  l e v e l  o f  each  30 second (s )  segm ent o f  t h e
M o d e ra te  i n t e n s i t y  t e s t s .
I i  me
Means
C o n t r o l  1ed 
B r e a th in g
Mean
D i f f e r e n c e
U n contro l  1ed 
B r e a th in g
S i g n i f i c a n c e
* *
0 -30S n=6 16.41 16. 60 - 0 . 1 9 0 0 . 4 6 6
3 0 -6 0 5 n=6 1 5 .9 5 1 6 .2 2 - 0 . 2 7 3 0 . 3 6 2
60-9ÔS n=6 1 6 .0 5 1 6 .2 6 - 0 . 2 1 1 0 . 4 2 2
9 0 - 120s n=6 1 6 .0 2 16. 26 - 0 . 2 4 1 0 . 3 2 8
1 2 0 -1 50s n=6 16. 10 16. 15 - 0 . 0 5 5 0 . 8 1 3
1 5 0 - 180s n=5 1 5 .8 0 1 6 .2 4 - 0 . 4 4 6 0 .1 1 1
1 8 0 - 2 10s n=5 1 5 .8 9 1 6 .3 0 - 0 . 4 0 8 0 .  174
210 -240S n=5 1 5 .7 8 1 6 .2 3 - 0 . 4 5 4 0 . 0 7 6
Means and s i g n i f i c a n c e  l e v e l  of  each 30 second (s) segment of
i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l l e d
B r e a th in g
Mean
D i f f e r e n c e
U n c o n t r o l l e d
B r e a th in g
S i g n i f i c a n c e
* *
0 - 3 0 S n=5 1 6 .5 3 1 6 .5 4 - 0 . 0 0 4 0 .9 9 1
3 0 - 6 0 s n=5 16 .3 2 1 6 .6 0 - 0 . 2 7 8 0 . 3 9 6
6 0 - 9 0 s n=5 1 6 .4 8 1 6 .6 7 - 0 . 1 9 2 0 . 4 5 3
9 0 - 1 20s n=5 16. 46 1 6 .7 0 - 0 . 2 4 0 0 . 2 8 9
1 2 0 - 150s n=3 16. 66 16. 48 0 .  180 0 . 3 6 5
1 5 0 - 180s n=3 1 6 .7 5 1 6 .5 0 0 - 2 5 0 0 . 2 4 4
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TABLE 8
H e a r t  Ra te  ( b e a t s  per  m inute )
Means and s i g n i f i c a n c e  l e v e l  o f  each  30 second <s) segment f o r  th e
M o d e ra te  i n t e n s i t y  t e s t s .
1  me
Means
C o n t r o l l e d  U n c o n t r o l l e d  
B r e a th in g  B r e a th in g
Mean S i g n i f i c a n c e
D i f f e r e n c e  * *
0 - 3 0 s n = 6 1 4 9 . 8 1 5 1 . 0 — 1 . 1 6 0 . 5 9 2
3 0 - 6 0 S n = 6 1 5 4 . 6 1 5 5 . 3 —0 . 6 6 0 . 6 1 8
6 0 - 9 0 S n = 6 1 5 6 . 8 1 5 6 . 8 0 . 0 0 1 . 0 0 0
9 0 - 1 2 0 5 n = 6 1 5 8 . 5 1 5 9 .  1 —0 . 6 6 0 . 5 3 0
1 2 0 - 1 5 0 s n = 5 1 5 5 . 8 1 5 7 . 0 - 1 . 2 0 0 . 5 2 9
1 5 0 - 1 8 0 s n = 5 1 5 7 . 4 1 5 8 . 0 —0 . 6 0 0 . 5 0 1
1 8 0 - 2 1 0 5 n=5 1 5 9 . 4 1 5 9 . 4 0 . 0 0 1 . 0 0 0
2 1 0 - 2 4 0 S n = 5 1 5 9 . 4 1 6 1 . 2 - 1 . 8 0 0 .  1 9 5
Means and s i g n i f i c a n c e  l e v e l  of  each 30 second <s) segment f o r  t h e  High  
i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l  1ed 
B r e a th in q
Mean
D i f f e r e n c e
U n contro l  led  
B r e a th in g
S i g n i f  i cance  
* *
0 - 3 0 s n=5 1 6 4 .2 1 6 8 .6 - 4 . 4 0 0.  108
30—60s n=5 1 7 1 .6 1 7 2 .2 - 0 . 6 0 0 .7 4 1
60—90s n=5 1 7 3 .8 1 7 5 .6 - 1 . 8 0 0 . 3 4 6
9 0 - 120s n=5 1 7 6 .4 1 7 8 .0 — 1 .6 0 0 .  195
1 2 0 - 150s n=3 1 7 4 .0 1 7 8 .3 - 4 . 3 3 0 . 0 9 6
1 50 -1 80s n=3 1 7 7 .6 1 7 9 .0 - 1 . 3 3 0 . 5 2 9
TABLE 9
Number of S t r i d e s  ta k e n d u r in g  t h e t e s t
Means and 
Moderate
1 s i g n i f i c a n c e  l e v e l  of  each 
i n t e n s i t y  t e s t s .
30 second (s) segment
Time
Means
C o n tro l  1ed 
B r e a th in g
U n c o n t r o i l e d  
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
Î
0-3ÔS j n=6 9 2 . 8 3 90 .  00 2 . 8 3 3 0 . 4 7 8
3 0 -è ü s  1n=6 89 .  16 8 8 . 3 3 0 . 8 3 3 0 . 8 6 0
1
6 0 - 9 Os j n=6 9 0 . 0 0 8 9 . 6 6 0 .3 3 3 0 . 9 1 0
9 0 - 120s j n=6 8 9 . 6 6 9 2 . 0 0 - 2 . 3 3 3 0 .3 7 1
1 2 0 - 150s n=6 8 9 , 5 0 8 3 . 3 3 6. 166 0 . 0 0 6  * *
150 -1 80s  1 
I
n=5 88.  60 90 .  20 - 1 . 6 0 0 0 . 5 1 6
1 8 0 -2 1 Os 1n=5 9 2 . 8 0 9 1 . 4 0 1 .400 0 . 6 8 5
2 i 0 - 2 4 0 s ! n=5 9 0 . 0 0 92.  00 - 0 . 2 0 0 0 . 9 7 4
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second (s) segment of  th e  High  
i n t e n s i t y  t e s t s .
Time
Means
C o n tro l  l e d  
B r e a th in g
U n c o n t ro l  led  
B r e a th in g
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
0-30S n=4 9 9 .2 5 98 .25 1.000 0 .7 8 4
30-60s n=4 9 9 .5 0 9 6 ,7 5 2 .7 5 0 0 .4 3 6
60-90S n=4 9 4 .2 5 9 7 .2 5 - 3 . 0 0 0 0.601
9 0 - 120s n=4 9 6 .5 0 9 3 .2 5 3 .2 5 0 0.051
120-1505 n=2 9 8 .0 0 9 4 .5 0 3 .5 0 0 0. 395
150-iBOs n=2 9 4 .0 0 9 8 .5 0 - 4 . 5 0 0 0.421
TABLE 10
Number of  B re a th s  taken  d u r in g  t h e  t e s t
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second <s) segment of  th e  
Modé r a t e  i n t e n s i t y  t e s t s .
1 1 me
Means
C o n t r o l l e d  U n c o n t r o l l e d  
B r e a th in g  B r e a th in q
Mean S i g n i f i c a n c e
D i f f e r e n c e  * *
0-3ÛS 
3 0 - 6 Ü S  
6 0 —90s  
9 0 - 1 2 0 s  
1 2 0 - 1 5 0 5  







1 8 0 - 2 1 0 s  I n = 5
2 1 0 - 2 4 0 s | n = 5
16 . 66
1 7 .8 3
1 8 . 8 3
1 9 . 0 0  
1 9 . 3 3  
1 7 . 4 0
1 9 .0 0  
1 7 .8 0
16. 16  
1 7 . 6 7  
1 7 . 6 6  
1 7 . 8 3  
1 6 . 0 0  
1 8 . 0 0  
1 7 . 8 0  
1 8 . 0 0
0 .  5 0 0
0 ,  1 6 6
1 .  1 6 6  
1 . 1 6 6  
3 . 3 3 3
—O■600 
1.200 
- 0 .2 0 0
0 .8 4 4  
0 . 9 5 2  
0 . 6 7 5  
0 . 6 6 5  
0 .  2 5 2  
0 . 8 3 1  
0 .  6 8 5  
0 . 9 4 9
Means and s i g n i f i c a n c e  l e v e l  o f  each 30 second (s) segment o f  t h e  High  
i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l l e d  U n c o n t r o l l e d  
B r e a th in q  B r e a th in g
Mean S i g n i f i c a n c e
D i f f e r e n c e  * *
- 1.000 0 . 7 4 51 9 . 21 8 . 2 50 - 3 0 s n=4
- 0 . 5 0 0 O. 8 6 91 9 . 7 51 9 . 2 5n = 4
- 0 . 7 5 0 0 . 7 9 821.002 0 . 2 5n=4
- 0 . 5 0 0 0 . 8 4 82 1 . 5 09 0 - 120s n=4
1 . 5 0 0 0 . 7 4 21 7 . 5 01 9 . 0 0
1.000 0 . 8 4 41 9 . 0 0
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TABLE 11
The r a t i o  of  number o f  s t r i d e s  per  b r e a t h s  f o r  t h e  t e s t
Means and s i g n i f i c a n c e  l e v e l  of each 30 second (s) segment of  th e  
M oderate  i n t e n s i t y  t e s t s .
Means Mean Si qni f  icance
Time
C o n t r o l  1ed 
B r e a th in g
D i f f e r e n c e
U n contro l  led  
B r e a th in g
* *
0 - 3 0 s n=6 6 . 3 4 5 . 8 3 0 .5 1 1 0 . 6 9 6
30-6ÛS n=6 5 . 5 3 5.  18 0 . 3 5 3 0 .7 4 7
60 -90S n=6 5 . 3 0 5 . 2 7 0 . 0 3 0 0 .9 7 1
9 0 - 120s n=6 5 . 2 8 5 . 3 9 - 0 . 1 1 3 0 . 8 8 4
1 2 0 - 150s n=6 5 .  25 5 .4 1 —0 . 1 5 6 0 . 8 5 4
1 5 0 - 180s n=5 5 . 7 2 5.  25 0 . 4 6 6 0 . 5 8 3
j. 80 -21  Os n=5 5 . 4 2 5 . 3 2 0 . 1 0 2 0.  902
210 -240S n=5 5 . 6 2 5 . 3 4 0 . 2 8 4 0 .6 3 7
Means and s i g n i f i c a n c e  l e v e l  of  each 30 second (s) segment o f  t h e  High 
i n t e n s i t y  t e s t s .
Time
Means
C o n t r o l  led  
B r e a th in g
Mean
D i f f e r e n c e
U n c o n t r o l l e d  
B r e a th !n g
S i g n i f i c a n c e
* *
0 -30S n=4 6 . 0 6 5 . 2 9 0 . 7 6 7 0 . 4 4 5
30—60s n=4 5 . 5 5 5 .0 1 0 . 5 4 7 0 . 4 8 3
60-90S n=4 5 . 0 4 4 . 6 7 0 . 3 6 2 0 . 6 1 3
9 0 -1 2 0 5 n=4 4 . 8 2 4 . 4 6 0 . 3 6 5 0 . 5 1 7
1 2 0 -1 5 Os n=2 5 . 6 7 5 . 4 6 0 . 2 0 5 0 . 8 8 9
1 5 0 - 180s n=2 5 . 0 0 5 . 2 0 0 . 2 0 5 0 . 8 3 9
r e s p e c t i v e l y ,  □ < 0 . 0 1 5 ) .  T a b le  4 d i s p l a y s  t h e  volume o f  00% f o r  a i l  
t e s t s .
T a b le s  6 & 7 show th e  p e rc e n ta g e  o f  CO2  e x p i r e d  and t h e  p e rc e n ta g e  
of  O2  used f o r  a l l  t e s t s ,  r e s p e c t i v e l y .  Dur ing th e  e i g h t h ,  and f i n a l ,  
segment ( 2 l 0 - 2 4 0 s )  t h e  p e r c e n ta g e  o f  CO2  e x p i r e d  was g r e a t e r  d u r in g  t h e  
c o n t r o l l e d  b r e a t h i n g  t e s t  ( 4 . 7 6  t o  4 . 3 6 ) ,  w h i l e  a t  th e  same t im e  t h e  
p e r c e n ta g e  o f  0% used was g r e a t e r  d u r in g  th e  u n c o n t r o l l e d  t e s t  ( 1 6 . 2 3  
t o  1 5 . 7 8 ) .
Dur ing  t h e  f i f t h  segment (1 2 0 -1 5 0 s )  r e s p i r a t o r y  q u o t i e n t  ( th e  
r a t i o  o f  VCO2  f  VO2 ) was g r e a t e r  d u r in g  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  
than  d u r in g  th e  u n c o n t r o l l e d  t e s t  ( . 9 2  t o  . 8 9  r e s p e c t i v e l y ) .  T a b le  5 
d e s c r ib e s  t h e  d a ta  f o r  th e  r e s p i r a t o r y  q u o t i e n t .
T a b le  3 e x p l a i n s  t h e  v a r i a b l e  o f  oxygen u p ta k e .  Dur ing  th e  
seventh  segment ( 1 3 0 -2 1 0 s )  oxygen up take  (VO2  C m l /m in /k g l )  was 
s i g n i f i c a n t l y  g r e a t e r  d u r in g  t h e  c o n t r o l l e d  r e s p i r a t i o n  t e s t  compared 
t o  t h e  u n c o n t r o l l e d  t e s t  ( 4 6 . 0 6  m l /m in /k q  t o  4 3 . 3 6  m l / m in /k g ,  p < 
0 . 0 2 1 ).
High i n t e n s i t y  t e s t s
Three of  t h e  s u b je c t s  completed both 3 - m in u te  t e s t s ,  w h i l e  two 
s u b j e c t s  completed 2 m in u te s  of  t h e  second t e s t .  For one s u b j e c t  t h e  
t e s t  no t  com pleted  was t h e  u n c o n t r o l l e d  t e s t  and t h e  o t h e r  s u b je c t  was 
doing  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  when he cou ld  no lo n g e r  c o n t in u e  
and w i th d re w .
No o v e r a l l  d i f f e r e n c e s  between t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  and 
t h e  u n c o n t r o l l e d  t e s t  were shown. T hree  t im e  segments i n d i c a t e d  
d i f f e r e n c e s  in  t e s t  v a r i a b l e  means t h a t  were s t a t i s t i c a l l y  s i g n i f i c a n t .
4 :
The f i r s t  segment <0-30s)  showed oxygen u p take  <V0% Cm l/m in /kgJ)  t o  be 
s i g n i f i c a n t l y  g r e a t e r  d u r in g  t h e  u n c o n t r o l l e d  t e s t  compared to  th e  
c o n t r o l l e d  b r e a t h i n g  t e s t  ( 4 7 . 8  m l /m in /k q  t o  4 2 . 3  m l / m in /k q ,  p <
0 . 0 1 2 ) .  The v a lu e s  c o l l e c t e d  f o r  VOa can be found in  t a b l e  3.
The number of  s t r i d e s  taken  d u r in g  t h e  f o u r t h  segment ( 9 0 - 120s)
was g r e a t e r  d u r in g  t h e  c o n t r o l l e d  r e s p i r a t i o n  t e s t  ( 9 6 . 5  s t r i d e s  t o
9 3 . 2 5  s t r i d e s )  than  t h e  u n c o n t r o l l e d  t e s t , b u t  t h i s  was not
s t a t i s t i c a l l y  s i g n i f i c a n t .  T a b le  9 shows t h e  s t r i d e s  ta k e n .
T a b le  8 d e s c r ib e s  t h e  h e a r t  r a t e  v a lu e s  f o r  each segment.  No
s i g n i f i c a n t  d i f f e r e n c e s  were found .
The o v e r a l l  moderate i n t e n s i t y  c o n t r o l l e d  b r e a t h i n g  t e s t  compared 
t o  t h e  u n c o n t r o l l e d  t e s t  f o r  t o t a l  v e n t i l a t i o n  (Ve m l /m in )  i n d i c a t e d  no 
s i g n i f i c a n t  d i f f e r e n c e s  between means, even though t h e  u n c o n t r o l l e d  
t e s t  averaged a g r e a t e r  volume (m l /m in )  ( 6 7 , 6 5 6 . 9 7  L t o  6 5 , 9 3 7 . 3 3  L, p
< 0 . 5 9 8 ) .  The same p a t t e r n  occ u r re d  in  th e  h igh  i n t e n s i t y  t e s t s .  The
u n c o n t r o l l e d  t e s t  had a g r e a t e r  volume ( 8 9 , 0 4 5 . 5 6  L t o  8 5 , 0 3 4 . 0 8  L, p < 
0 . 2 3 9 )  than  d id  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t .  The v a lu e s  c o l l e c t e d  
f o r  Ve can be found in  t a b l e  12.
The oxygen u p ta k e  (VO^ C m l /m in /k g 3) was s l i g h t l y  g r e a t e r  d u r in g  
t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  than  d u r in g  t h e  u n c o n t r o l l e d  t e s t  ( 4 2 . 8  
m i/m in /k g  t o  4 2 . 5  m l / m i n / k g ,  p < 0 . 7 8 7 )  f o r  th e  moderate i n t e n s i t y  
t e s t s .  D ur ing  t h e  h ig h  i n t e n s i t y  runs t h e  oxygen u p take  in  t h e  
u n c o n t r o l l e d  t e s t  was s i g n i f i c a n t l y  g r e a t e r  than t h e  c o n t r o l l e d  
b r e a t h i n g  t e s t  ( 4 3 . 0  m l / m in /k q  t o  4 1 .1  m l / m in /k g ,  p < 0 . 0 9 9 ) .  T a b le  13 
r e f l e c t s  oxygen u p ta k e .
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T a b le  14 i l l u s t r a t e s  t h e  volume o f  CO2  used by th e  s u b j e c t s .  
Dur ing  t h e  moderate  i n t e n s i t y  t e s t s  t h e  VCO2  (m l /m in )  was s l i g h t l y
g r e a t e r  d u r in g  t h e  u n c o n t r o l l e d  t e s t  than  th e  c o n t r o l l e d  b r e a t h i n g  t e s t  
( 4 . v 6 1 . 9 4  L t o  2 , 0 4 2 . 2 2  L, p < 0 . 7 5 7 ) .  The h igh  i n t e n s i t y  t e s t s  showed 
a l a r g e r  mean d i f f e r e n c e  and t h i s  t im e  in  f a v o r  of th e  c o n t r o l l e d  
b r e a t h i n g  t e s t  ( 2 , 7 2 9 . 2 0  L t o  2 , 6 3 8 . 0 4  L, p < 0 . 6 2 1 ) .
The r e s p i r a t o r y  q u o t i e n t  was not  s i g n i f i c a n t l y  d i f f e r e n t  f o r  
e i t h e r  o f  t h e  t e s t  i n t e n s i t i e s .  The moderate i n t e n s i t y  t e s t s  had 
R . Q . ' s  o f  - 7 3  f o r  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  and . 7 4  f o r  t h e
u n c o n t r o l l e d  t e s t  (p < 0 . 5 8 4 ) .  The h igh  i n t e n s i t y  t e s t s  had a g r e a t e r
d i f f e r e n c e  w i t h  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  R.Q. o f  . 8 0  and t h e
u n c o n t r o l l e d  t e s t ,  . 7 5  (p < 0 . 2 2 7 ) .  T a b le  15 i l l u s t r a t e s  t h e  measures  
c o l l e c t e d  f o r  RQ.
H e a r t  r a t e  was not  s i g n i f i c a n t l y  d i f f e r e n t  among t r e a t m e n t s  d u r in g  
th e  moderate  i n t e n s i t y  o r  h igh  i n t e n s i t y  t e s t s .  The mean h e a r t  r a t e  
d u r in g  t h e  moderate  i n t e n s i t y  runs  was 1 0 3 .3  b e a ts  per  m inute  (bpm) f o r  
t h e  c o n t r o l l e d  b r e a t h i n g  and 1 0 3 .7  (bpm) f o r  t h e  u n c o n t r o l l e d  (p < 
0 . 6 7 2 ) .  For t h e  h igh  i n t e n s i t y  runs t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  had 
a mean h e a r t  r a t e  of  1 3 7 .0  compared t o  138 .1  f o r  t h e  u n c o n t r o l l e d  t e s t  
<p < 0 . 3 1 1 ) .  T a b le  18 i n d i c a t e s  t h e  h e a r t  r a t e .
T a b le  17 shows t h e  p e r c e n ta g e  of  0% used. The p e r c e n ta g e  of  
oxygen (O2 ) used showed s i m i l a r  s c o re s  f o r  a l l  t e s t s .  The moderate  
i n t e n s i t y  was 1 3 .4 2  f o r  c o n t r o l l e d  b r e a t h i n g  and 1 3 .5 8  f o r
u n c o n t r o l l e d  (p < 0 . 3 2 2 ) .  The h igh  i n t e n s i t y  scores  were 1 3 .1 6  f o r  
c o n t r o l l e d  b r e a t h i n g  and 1 3 .3 0  f o r  u n c o n t r o l l e d  (p < 0 . 4 8 0 ) .
TABLE 12
To t a l  V e n t i l a t i o n
Means and s i g n i f i c a n c e  l e v e l  of th e  Moderate  i n t e n s i t y  t e s t s ,  
S u b je c ts  = 6
T es t  Mean Mean S i g n i f i c a n c e
(0 -1 5 0 s  o f  240s)  D i f f e r e n c e  * *
C o n t r o l  led  
B r e a th in g
6 5 , 9 3 7 . 3 3 L i t e r s
- 1 7 1 9 . 6 3 0 . 5 9 8
U n c o n t r o l l e d
B r e a th in g
6 7 , 6 5 6 . 9 7 L i t e r s
Means and s i g n i f i c a n c e  l e v e l  
S u b je c ts  = 5
o f  t h e  High i n t e n s i t y  t e s t s .
Tes t
( 0 - 1 20s of  ISOs)
Mean Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l l e d
B r e a th in g
8 5 , 0 3 4 . 0 8 L i t e r s
- 4 0 1 1 . 4 8 0 .2 3 9
U n contro l  1ed 
B r e a th in g
8 9 , 0 4 5 - 5 6 L i t e r s
4 6
TABLE 13
Oxygen Uptake  (VO»)
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c t s  = 6
Tes t
( 0 - 1 50s o f  240s)
Mean Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l  led  
B r e a th in g
4 2 .81 ml / m m / k g
0 .2 6 9 4 0 . 7 8 7
U n c o n t ro l  led  
B r e a th in g
4 2 . 5 4 m l /m in /k g
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  High i n t e n s i t y  t e s t s .  
S u b je c t s  = 5
Tes t Mean Mean S i g n i f i c a n c e
( 0 - 1 20s o f  180s) D i f f e r e n c e * *
C o n tro l  led  
B r e a th in g
4 1 . 1 7 m l /m in /k g
- 1 . 9 1 6 0 0 .0 9 9
U n contro l  le d  
B r e a th in g
4 3 . 0 9 m l /m in /k q
TABLE 14 
VCO2  (volume o f  Carbon d i o x i d e )
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  M odera te  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
Tes t  Mean Mean S i g n i f i c a n c e
( 0 - 1 50s o f  240s)  D i f f e r e n c e  * *
C o n t r o l  l e d  
B r e a th in g
2 , 0 4 2 . 2 2 L i  t e r s
- 1 9 . 7 2 2 0 . 7 5 7
U n c o n t ro l  led  
B r e a th in g
2 , 0 6 1 . 9 4 L i t e r s
Means and s i g n i f i c a n c e  l e v e l  
S u b je c ts  = 5
o f  t h e  H iah i n t e n s i t y  t e s t s .
Tes t
( 0 - 1 20s o f  180s)
Mean Mean
D i f f e r e n c e
S i g n i f  icance  
* *
C o n tro l  1ed 
B r e a th in g
2 , 7 2 9 . 2 0 Li  t e r s
9 1 . 1 6 0 0 .6 2 1
U n contro l  led  
B r e a th in g
2 , 6 3 8 . 0 4 Li t e r s
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TABLE 15
R e s p i r a t o r y  Q u o t ie n t  (RQ) CO? ? O2
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
Tes t  Mean Mean S i g n i f i c a n c e
( 0 - 1 50s of 240s)  R.Q. D i f f e r e n c e  * *
C o n t r o l  1ed 
B r e a th in g
0 . 7 3
- 0 . 0 0 5 8 0 . 5 8 4
U n c o n t ro l  led  
B r e a th in g
0 . 7 4
Means and s i g n i f i c a n c e  l e v e l  
S u b je c ts  = 5
of  t h e  High i n t e n s i t y t e s t s .
Tes t




D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l l e d
B r e a th in g
0 . 8 0
0 .0 4 9 2 0 .2 2 7
U n contro l  led  
B r e a th in g
0 . 7 5
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The p e r c e n ta g e  o f  carbon o i o x i d e  (COz) e x p i r e d  showed s i m i l a r  
means f o r  a l l  t e s t s  a l s o .  The moderate i n t e n s i t y  t e s t  mean f o r  th e  
c o n t r o l l e d  b r e a t h i n g  was 3 . 6  compared t o  3 , 5  f o r  th e  u n c o n t r o l l e d  t e s t  
< 0 . 3 9 8 ) .  Dur ing  t h e  h igh  i n t e n s i t y  t e s t s  th e  c o n t r o l l e d  b r e a t h i n g  
was 3 . 5  compared t o  3 . 2  f o r  th e  u n c o n t r o l l e d  (o < 0 . 3 0 1 ) .  Tne 
p e r c e n ta g e  of  CO-s i s  i l l u s t r a t e d  in  t a b l e  16.
T a b le  19 shows th e  number o f  s t r i d e s  taken  d u r in g  each t e s t .  The 
d i f f e r e n c e s  in  t h e  number of  s t r i d e s  taken  by th e  ru n n e rs  d u r in g  each 
t e s t  were not  s t a t i s t i c a l l y  s i g n i f i c a n t .  For both i n t e n s i t i e s  t h e  mean 
d i f f e r e n c e  was i .OO t o  1 .3 0  ( s t r i d e s )  g r e a t e r  f o r  t h e  c o n t r o l l e d  
r e s p i r a t i o n  t e s t s  than  t h e  u n c o n t r o l l e d  t e s t s .
There  was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in  th e  number of  
b r e a t h s  taken  d u r in g  t h e  t e s t s .  T ab le  20 i n d i c a t e s  th e  number of  
b r e a t h s  taken  d u r in g  each t e s t .  The moderate i n t e n s i t y  t e s t s  showed 
t h e  c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n  hav ing  more b r e a t h s ,  w h i l e  t h e  h igh  
i n t e n s i t y  t e s t s  i n d i c a t e d  t h a t  t h e  c o n t r o l l e d  b r e a t h i n g  t e s t  had a 
l a r g e r  number o f  b r e a t h s .
The r a t i o  o f  s t r i d e s  and b r e a t h s  as in  t a b l e  21 ,  showed no 
s i g n i f i c a n t  d i f f e r e n c e  between t r e a t m e n t s .  For  both th e  h igh  and 
moderate i n t e n s i t y  t e s t s  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  had a l a r g e r  
r a t i o  of  s t r i d e s / b r e a t h .  T a b le  22 d e s c r ib e s  t h e  r a t i o  of  s t r i d e s  t o  
b r e a t h s  f o r  each s u b j e c t  d u r in g  each 30 second segment of  each t e s t .
TABLE 16
P e rc e n ta g e  o f  Carbon D io x i d e  E x p ire d  (C0=^
Means and s i g n i f i c a n c e  l e v e l  of th e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c t s  = 6
T es t Mean Mean b i g n i t i c a n c e
( 0 - 1 50s o f  240s) D i f f e r e n c e * *
C o n t r o l  led  
B r e a th in g
3 . 6 0 6 4  %
0 . 1 0 2 5 0 . 3 9 8
U n c o n t ro l  led  
B r e a th in g
3 . 5 0 3 9  7.
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  High i n t e n s i t y  
S u b je c ts  = 5
t e s t s .
Tes t
( 0 - 1 20s of  180s)
Mean Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n tro l  l e d  
B r e a th in g
3 . 5 5 5 2  %
0 . 3 0 6 8 0 .3 0 1
U n c o n t r o l l e d
B r e a th in g
3 . 2 4 8 4  %
TABLE 17
Per c e n t a g e  o f  Oxygen used (Q-g^
Means and s i g n i f i c a n c e  l e v e l  o f  th e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
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I e s t
( 0 - 1 50s o f  240s)
Mean Mean
D i f f e r e n c e
Si q n i f  i can ce
C o n t r o l  1ed 
B r e a th in g
1 3 ,4 2  %
- 0 . 1 6 1 9 0 .3 2 2
U n c o n t ro l  led  
B r e a th in g
1 3 .5 8  %
Means and s i g n i f i c a n c e  l e v e l  
S u b je c t s  = 5
of  t h e  High i n t e n s i t y  t e s t s .
Test
( 0 - 1 20s of  180s)
Mean Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n tro l  led  
B r e a th in g
1 3 .1 6  %
- 0 . 1 4 2 8 0,  480
U n co n tro l  led  
B r e a th in g
1 3 ,3 0  %
TABLE 18 
H e a r t  Rate
Means and s i g n i f i c a n c e  l e v e l  of  t h e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
Tes t  Mean Mean S i g n i f i c a n c e
(0 ” 120s of  240s)  b e a ts /m in  D i f f e r e n c e  * *
C o n t r o l l e d
B r e a th in g
103 .30 b  bpm
- 0 . 4 1 6 7  0 . 6 7 2
U n c o n t ro l  1ed 
B r e a th in g
1 0 3 .7 2 2  bpm
Means and s i g n i f i c a n c e  l e v e l  of  
S u b je c t s  = 5
t h e  Hiah i n t e n s i t y  t e s t s .
Tes t
( 0 - 1 20s  of  180s)
Mean
b e a ts /m in
Mean S i g n i f i c a n c e  
D i f f e r e n c e  * *
C o n tro l  1ed 
B r e a th in g
1 3 7 .2 0 0  bpm
- 1 . 6 8 0 0  0 .1 3 8
U n c o n t r o l l e d
B r e a th in g
1 3 8 .8 8 0  bpm
TABLE 19
Number of  S t r i d e s  taken  d u r in g  t h e  t e s t
Means and s i g n i f i c a n c e  l e v e l  o f  th e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
i e s t  Mean Mean S i g n i f i c a n c e
( v -1 5 0 s  of  240s)  s t r i d e s / 3 0 s  D i f f e r e n c e  * *
C o n t r o l l e d  7 5 . 1 9  
B r e a th in g
1 .3056 0 .5 1 0
U n c o n t r o l l e d  7 3 . 8 8  
B r e a th in g
Means and s i g n i f i c a n c e  l e v e l  of  
S u b je c ts  = 4
t h e  Hiah i n t e n s i t y  t e s t s .
T e s t  Mean 
( 0 - 1 20s o f  180s) s t r i d e s / 3 0 s
Mean 
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l l e d  9 7 . 3 7  
B r e a th in g
1 .0000 0 . 6 4 2
U n c o n t r o l l e d  9 6 . 3 7  
B r e a th in g
TABLE 20
Number o f  B re a th s  taken  d u r in g  t h e  t e s t
Means and s i g n i f i c a n c e  l e v e l  o f  th e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c t s  = 6
Tes t  Mean Mean
( 0 -1 5 0 s  of  240s)  b r e a t h s / 3 0 s  D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l l e d  1 5 .2 7  
B r e a th in g
1 .0 5 5 6 0 . 6 2 9
U n c o n t r o l l e d  1 4 .2 2  
B r e a t h i  ng
Means and s i g n i f i c a n c e  l e v e l  of  
S u b je c t s  = 4
t h e  H iah i n t e n s i t y t e s t s .
Tes t  Mean 
( 0 - 1 20s o f  180s) b r e a t h s / 3 0 s
Mean
D i f f e r e n c e
S i g n i f i c a n c e
* *
C o n t r o l l e d  1 9 .6 8  
B r e a th in g
- 0 . 6 8 7 5 0 .7 9 4
U n c o n t r o l l e d  2 0 . 3 7  
B r e a th in g
TABLE 21
The r a t i o  o f  number o f  s t r i d e s  per  b r e a t h s  f o r  t h e  t e s t
Means and s i g n i f i c a n c e  l e v e l  of  t h e  Moderate  i n t e n s i t y  t e s t s .  
S u b je c ts  = 6
Tes t Mean Mean S i g n i f i c a n c e
( 0 - 1 50s o f  240s) D i f f e r e n c e * *
C o n t r o l  1ed 
B r e a th in g
4 . 6 2 s t r i d e s / b r e a t h s / 3 0 s  
0 .1 0 4 2 0 . 8 9 4
U n c o n t ro l  1ed 
B r e a th in g
4 .5 1 s t r i d e s / b r e a t h s / 3 0 s
Means and s i g n i f i c a n c e  l e v e l  o f  t h e  High i n t e n s i t y  t e s t s .  
S u b je c t s  = 4
Tes t Mean Mean S i g n i f i c a n c e
( 0 - 1 20s o f  180s) D i f f e r e n c e * *
C o n tro l  led  
B r e a th in g
5 . 3 7 s t r i d e s / b r e a t h s / 3 0 s
0 . 5 1 0 6 0 .4 6 9
U n c o n t ro l  1ed 
B r e a th in g
4 . 8 6 s t  r  i d e s / b r  e a t  h 5 / 30s
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TABLE 22
Data  from a l l  v a r i a b l e s  f o r  a l l  f o u r  t e s t s
Oxygen Carbon Respiratory 
Ventilation Uptake Dioxide Quotient
Ve VQ, COz %COz
ml/min ml/min/kg ml/min RQ
Heart Ratio




Breathing 65,937.33 42.81 2,042.22 0.73 3.6064 13.42 103.305 75.19 15.27 4.62
Uncontrolled
Breathing 67,656.97 42.54 2,061.94 0.74 3.5039 13.58 103.722 73.88 14.22 4.51
Mean Difference -1,719.63 0.2694 -19.722 0.0058 0.1025 -0.1619 -0.4167 1.3056 1.0556 0.1042
Significance 0.598 0.787 0.757 0.584 0.398 0.322 0.672 0.510 0.629 0.894
Test HIGH
Controlled
Breathing 85,034.06 41.17 2,729.20 0.80 3.5552 13.16 137.200 97.37 19.68 5.37
Uncontrolled
Breathing 89,045.56 43.09 2,638.04 0.75 3.2484 13.30 138.880 96.37 20.37 4.86
Mean Difference -4,011.48 -1.9160 91.160 0.0492 0.3068 4). 1428 -1.6800 1.0000 -0.6875 0.5106
Significance 0.239 0.099 0.621 0.227 0.301 0.480 0.138 0.642 0.794 0.469
CHAPTER 5
DISCUSSION, SUMMARY. AND RECOMMENDATIONS 
DISCUSSION
ihe r e s u l t s  o f  t h e  moderate i n t e n s i t y  t e s t s  and t h e  h igh  i n t e n s i t y  
t e s t s  r e v e a l e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between th e  
c o n t r o l l e d  b r e a t h i n g  p a t t e r n  and th e  u n c o n t r o l l e d  b r e a t h i n g  p a t t e r n .  
I t  would seem from t h e  d a ta  g a th e re d  in  t h i s  s tudy  t h a t  t h e  c o n t r o l l e d  
b r e a t h i n g  p a t t e r n  i s  no t  s u p e r io r  t o  a ru n n e rs  normal u n c o n t r o l l e d  
p a t t e r n  o f  b r e a t h i n g .
Very  l i t t l e  l i t e r a t u r e  i s  a v a i l a b l e  r e g a r d in g  t h e  e f f e c t s  of  
c o n s c io u s ly  c o n t r o l l i n g  r e s p i r a t i o n  d u r in g  p h y s ic a l  a c t i v i t y ,  e . g .  
moderate  a n d /o r  h igh  i n t e n s i t y  r u n n i n g ( B e l l ,  1981; S o r d i n i ,  e t  a l ,  
1981; Grossman, 19 8 3 ) .  S t u d ie s  t h a t  have a t te m p ted  t o  measure a 
s u b j e c t s  b r e a t h i n g  p a t t e r n  in  r e l a t i o n  t o  ano the r  p a t t e r n  d u r in g  
e x e r c i s e  have n o t  compared t h e  e f f i c i e n c y  o f  one p a t t e r n  t o  a n o th e r .
In t h i s  s tu d y  i t  was h y p o th e s iz e d  t h a t  th e  a c q u i s i t i o n  of th e
c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n  would not  e f f e c t  t h e  energy  co s t  of
r u n n in g .  T h is  appeared t o  be t r u e .  S t a t i s t i c a l l y  t h e r e  was no
d i f f e r e n c e  i n  t h e  b r e a t h i n g  p a ra m e te rs  measured between t h e  c o n t r o l l e d
b r e a t h i n g  p a t t e r n  and t h e  u n c o n t r o l l e d  p a t t e r n .  There  was no
s i g n i f i c a n t  d i f f e r e n c e  in  t h e  t o t a l  v e n t i l a t i o n  between e i t h e r  p a t t e r n
f o r  e i t h e r  t e s t  i n t e n s i t i e s .  In  both ru nn ing  i n t e n s i t i e s  th e
u n c o n t r o l l e d  p a t t e r n  had l a r g e r  v e n t i l a t i o n  v a lu e s  than  th e  c o n t r o l l e d
b r e a t h i n g  p a t t e r n .  T h i s  i s  in  c o n t r a s t  t o  th e  r e s u l t s  r e p o r t e d  by
Jackson (1986 )  w i t h  a t r a i n e d  c y c l i s t .  The d a t a  o b ta in e d  in  t h i s  s tudy
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may i n d i c a t e  t h a t  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  may be le s s  
e f f i c i e n t  than  t h e  u n c o n t r o l l e d  p a t t e r n .
An im p o r ta n t  measure of  e f f i c i e n c y  i s  a persons a b i l i t y  t o  u t i l i z e  
o%ynen. Uxygen up ta k e  was not  s i g n i f i c a n t  between th e  t r e a t m e n t s  in  
t h i s  s tu d y ,  b u t  f o r  t h e  f i r s t  two minutes  o f  t h e  high i n t e n s i t y  t e s t  
t h e  oxygen u p take  f o r  th e  u n c o n t r o l l e d  p a t t e r n  was g r e a t e r  than in  th e  
c o n t r o l l e d  b r e a t h i n g  p a t t e r n  <p < 0 . 0 9 9 ) .  For th e  moderate i n t e n s i t y  
t e s t  th e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  had a s l i g h t l y  l a r g e r  oxygen 
u p ta k e  v a l u e  ( 4 2 .8 1  L) than t h e  u n c o n t r o l l e d  p a t t e r n  ( 4 2 . 5 4  L ) .
C o n v e r s e ly ,  t h e  r e s p i r a t o r y  q u o t i e n t  was s l i g h t l y  l a r g e r  d u r in g  
t h e  h ig h  i n t e n s i t y  t e s t  f o r  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  ( 0 . 8 0  t o
0 . 7 5 )  than  t h e  moderate  i n t e n s i t y  t e s t s  ( 0 .7 3  t o  0 . 7 4 ) .
The volume of  carbon d i o x i d e  produced in  t h e  t e s t  r e f l e c t e d  t h e  
same p a t t e r n  as t h e  R e s p i r a t o r y  Q u o t ie n t .  The h igh  i n t e n s i t y  t e s t  
c o n t r o l l e d  b r e a t h i n g  showed a l a r g e r  volume ( 2 , 7 2 9 . 2 0  L) than t h e  
u n c o n t r o l l e d  t e s t  ( 2 , 6 3 8 . 0 4  L ) ,  w h i l e  t h e  moderate i n t e n s i t y  t e s t  was 
t h e  r e v e r s e ;  t h e  c o n t r o l l e d  b r e a t h i n g  was 2 , 0 4 2 , 2 2  t o  t h e  u n c o n t r o l l e d  
2 , 0 6 1 . 9 4 .
The t h i r d  b r e a t h i n g  p a ra m e te r  r e l a t e d  t o  CO^ p ro d u c t io n  was th e  
p e rc e n ta g e  o f  COa e x p i r e d .  For both t e s t  i n t e n s i t i e s  th e  c o n t r o l l e d  
b r e a t h i n g  p a t t e r n  e x p i r e d  more CGa than  t h e  u n c o n t r o l l e d  p a t t e r n .  
E x p i r i n g  more COa would be expected  because o f  t h e  n a t u r e  of th e  
c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n .  The d i f f e r e n c e s  in  th e  two b r e a t h i n g  
p a t t e r n s  was t h e  l e n g t h  of  e x h a l a t i o n .  Research has shown t h a t  a 
longer  e x h a l a t i o n  phase may be b e n e f i c i a l  f o r  an a t h l e t e  when competing  
(Grossman, 1 9 8 3 ) .  B e l l  dem on stra ted  w i t h  swimmers t h a t  a decreased
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r a t e  of  b r e a t h i n g  (o n ly  on a l t e r n a t e  arm s t r o k e s )  can lower  the
m e t a b o l ic  c o s t  f o r  t h e  a t h l e t e  ( 1 9 8 1 ) .
In  t h i s  s tudy  t h e  p e rc e n ta g e  of  CO2  e x p i r e d  was l a r g e r  d u r in g  t h e  
c o n t r o l l e d  b r e a t h i n g  t e s t s ,  t h e  p e r c e n ta g e  of  0% used was l a r g e r  d u r in g  
t h e  u n c o n t r o l l e d  t e s t s .  T h is  would be i n d i c a t i v e  of  a l a r g e r  VO2  
measure,  a l s o .  The c o n t r o l l e d  b r e a t h i n g  p a t t e r n  was p o s s ib ly  promoting  
a hyp ox ic  s t a t e  as B e l l  s t a t e d  ( 1 9 8 1 ) .
H e a r t  r a t e  was g r e a t e r  in  t h e  u n c o n t r o l l e d  t e s t s  a t  both  
i n t e n s i t i e s ,  a l th o u g h  t h e  d i f f e r e n c e  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .
An i n c r e a s e  i n  t h e  e x h a l a t i o n  phase has been shown t o  c o r r e l a t e  t o  a
decreased  h e a r t  r a t e  in  n o n - a t h i e t i c  p o p u la t i o n s  (Grossman, 198 3 ) .  I t
app ears  t h a t  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  was used as i n s t r u c t e d  
which may have r e s u l t e d  in  a lower  h e a r t  r a t e .
The d a t a  show t h a t  t h e  b r e a t h i n g  p a t t e r n s  measured a re
i n c o n s i s t e n t  and do not  show one t o  be s u p e r io r  t o  t h e  o t h e r .  T h is  may 
be due t o  t h e  f a c t  t h a t  b r e a t h i n g  p a t t e r n s  a d j u s t  through s e v e r a l  
mechanisms t h a t  a r e  s e l f - r e g u l a t o r y  ( H a r d i n , 1987; V id ru k  & Dempsey, 
19 8 0 ) .
For a g iv e n  e x e r c i s e - i n d u c e d  v e n t i l a t o r y  demand ( e x e r c i s e
i n t e n s i t y )  t h e  b r e a t h i n g  p a t t e r n  f a v o r e d  i s  t h e  one l e a s t  c o s t l y  in  
terms o f  en e rg y  e x p e n d i t u r e  ( V id r u k  & Dempsey, 19 8 0 ) .  The e x e r c i s e  
s t im u l u s  may o v e r r i d e  any a t te m p t  t o  c o n s c io u s ly  c o n t r o l  b r e a t h i n g  
e s p e c i a l l y  d u r in g  h ig h  i n t e n s i t y  e f f o r t s ,  and employ t h a t  b r e a t h i n g  
p a t t e r n  which i s  most e f f i c i e n t  f o r  th e  i n d i v i d u a l .
The number o f  s t r i d e s  and t h e  number of  b r e a t h s  taken  d u r in g  th e
t e s t  and t h e  r a t i o  between t h e  two showed no s t a t i s t i c a l l y  s i g n i f i c a n t
où
changes.  The s u b j e c t s  ran  on a t r e a d m i l l ,  so t h e  number of  s t r i d e s  
t a k e n  would be exp ec ted  t o  remain c o n s ta n t  across th e  t e s t s .  T h is  was 
shown t o  be t r u e  f o r  t h e  o v e r a l l  t e s t s .  For th e  i n d i v i d u a l  t im e  
segments t h i s  was not  t r u e .  The f i f t h  segment ( 1 2 0 - 150s) of the  
moderate  i n t e n s i t y  t e s t  t h e  number of  s t r i d e s  taken  d u r in g  th e  
c o n t r o l l e d  t e s t  was g r e a t e r  than  t h e  u n c o n t r o l l e d  t e s t  (p < 0 . 0 0 6 ) .
t h e  number o f  b r e a t h s  taken  f o r  th e  t e s t  should  have been d i f f e r e n t  
between t e s t s  i f  th e  s u b j e c t s  were us ing  th e  c o n t r o l l e d  b r e a t h i n g  
p a t t e r n .  With  a lo n g e r  e x h a l a t i o n  t h e  amount of  t im e  per  b r e a t h  c y c l e  
i n c r e a s e s  which reduces  t h e  t o t a l  number of  b r e a t h s  r e q u i r e d  f o r  a 
g iv e n  work lo a d .  T h is  was not  t h e  case i n  t h i s  s tu d y .  Dur ing  th e
moderate  i n t e n s i t y  t e s t  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  had a l a r g e r  
number o f  b r e a t h s  <15.27)  t aken  than  th e  u n c o n t r o l l e d  p a t t e r n  ( 1 4 . 2 2 ) .  
D u r ing  t h e  h ig h  i n t e n s i t y  t e s t  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  had a 
s l i g h t l y  low er  number o f  b r e a t h s  (19 .68 )  than  th e  u n c o n t r o l l e d  p a t t e r n  
( 2 0 . 3 7 ) .
The s u b j e c t s  were t a u g h t  th e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  in  
r e l a t i o n  t o  t h e  number of  s t r i d e s  t a k e n .  The p a t t e r n  was t h r e e  s t r i d e s  
per  e x h a l a t i o n  and two s t r i d e s  per  i n h a l a t i o n  f o r  a r a t i o  of f i v e  
s t r i d e s  per  b r e a t h  c y c l e  ( 5 : 1 ) .  Bramble & C a r r i e r  found t h e  odd s t r i d e  
per  b r e a t h  c y c l e  r e s u l t e d  in  l e s s  load  f o r c e  f o r  one l e g / s i de of  th e  
body, th u s  l e s s  t r a u m a - i n j u r y  t o  a s i d e  ( 1 9 8 3 ) .  There  was no 
s t a t i s t i c a l  s i g n i f i c a n c e  between th e  s t r i d e s : b r e a t h s  between t h e  
d i f f e r e n t  t e s t s .  D u r in g  t h e  moderate  i n t e n s i t y  t e s t s  t h e  c o n t r o l l e d  
b r e a t h i n g  p a t t e r n  showed a r a t i o  of  4 . 6 2 ( s t r i d e s ) : 1 ( b r e a t h )  t o
4 . 5 1 ( s t r i d e s ) : 1 ( b r e a t h s )  f o r  t h e  u n c o n t r o l l e d  t e s t .  The h igh  i n t e n s i t y
6 i
t e s t s  had a s i m i l a r  p a t t e r n  though l a r g e r  r a t i o s ;
5 . 0 / ( s t r i d e s ) ; 1 ( b r e a t h s )  ( c o n t r o l l e d )  t o  4 . 6 8 ( s t r i d e s ) : 1 ( b r e a th s )  
( u n c o n t r o l l e d ) .  The moderate  i n t e n s i t y  t e s t  r a t i o s  agreed w i t h  Bramble  
C a r r i e r  ( 1 9 8 3 ) ,  who found s low er  s u s ta in e d  ru n n in g  speeds t o  e x h i b i t  
a 4 :1  r a t i o  o f  s t r i d e s  t o  b r e a t h s .  The h igh  i n t e n s i t y  t e s t s  seem t o  
c o n t r a d i c t  Bramble & C a r r i e r  in  t h a t  an in c r e a s e  in  speed d id  not  cause  
a d e c re a s e  in  t h e  r a t i o  ( 1 9 8 3 ) .
One s u b j e c t ,  RAH, dem onstra ted  Bramble & C a r r i e r s  (1983)  f i n d i n g s
and, in  te rm s  o f  t h e  s tudy  r e q u i r e m e n ts ,  th e  c o n t r o l l e d  b r e a t h i n g
p a t t e r n .  RAH had a p p r o x im a t e ly  a 4 :1  p a t t e r n  d u r in g  both of h i s  
u n c o n t r o l l e d  t e s t s  and a 5 :1  p a t t e r n  d u r in g  h i s  c o n t r o l l e d  b r e a t h i n g  
t e s t s .
The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  in  t h e  two b r e a t h i n g  p a t t e r n s .  The normal u n c o n t r o l l e d  
b r e a t h i n g  p a t t e r n  o f  t h e  i n d i v i d u a l s  may be th e  most e f f i c i e n t ,
a l th o u g h  t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  d id  not  appear t o  be a 
h in d ra n c e  t o  t h e  s u b j e c t s .  F u r t h e r  i n v e s t i g a t i o n  i n t o  a c o n t r o l l e d  
r e s p i r a t i o n  p a t t e r n  ve rs u s  an i n d i v i d u a l s '  normal u n c o n t r o l l e d  
r e s p i r a t i o n  p a t t e r n  may s t i l l  be w a r ra n te d ,
RECOMMENDATIONS
Based on t h e  r e s u l t s  o f  t h i s  s tu d y ,  t h e  f o l l o w i n g  recommendations  
f o r  f u r t h e r  s tu d y  a r e  proposed:
1. F u r t h e r  r e s e a r c h  i s  n ec essa ry  i n v o l v i n g  a l a r g e r  number of
s u b j e c t s .
2 .  The t im e  p e r i o d  f o r  t e a c h i n g  t h e  c o n t r o l l e d  r e s p i r a t i o n  
p a t t e r n  shou ld  be h e ld  c l o s e r  t o  t h e  t e s t i n g  p e r i o d .
The l e n g t h  of  t h e  t e s t s  should  be in c re a s e d  t o  p r o v id e  b e t t e r
b a s e l i n e  r e a d i n g s  and th e  amount of  r e s t  between each t e s t  should  be
i n c r e a s e d .
SUMMARY
i h i s  s tudy  i n v e s t i g a t e d  th e  e f f e c t s  of a c o n t r o l l e d  r e s p i r a t i o n  
p a t t e r n  on t h e  ru nn ing  per form ance  and v e n t i l a t i o n  p aram eters  of  
s k i l l e d  d i s t a n c e  r u n n e r s .
A p i l o t  s tudy  was conducted in  which t h e  s ix  male s u b je c t s
p r a c t i c e d  t h e  c o n t r o l l e d  r e s p i r a t i o n  p a t t e r n .
The s u b j e c t s  completed f o u r  t r e a d m i l l  t e s t s ;  two each a t  9 : 7 5  
m i l e s  p e r  hour ( 6 : 0 9  m inute  m i l e  pace) and 1 2 .7 5  mph ( 4 : 4 2  m inute  m i l e  
pace)  u s in g  t h e  c o n t r o l l e d  p a t t e r n  f o r  one t e s t  and u n c o n t r o l l e d  
( n a t u r a l ) b r e a t h i n g  p a t t e r n  f o r  t h e  o t h e r  t e s t .  B r e a th in g  pa ram e te rs  
were; t o t a l  v e n t i l a t i o n ,  oxygen u p ta k e ,  volume of carbon d i o x i d e ,
r e s p i r a t o r y  q u o t i e n t ,  h e a r t  r a t e ,  p e rc e n ta g e  o f  oxygen used, and 
p e rc e n ta g e  o f  carbon d i o x i d e  e x p i r e d .  V ideo ta p e s  of  each t e s t  were 
reco rd e d  t o  count  t h e  number of  s t r i d e s  and b r e a th s  ta k e n .  Each 
s u b je c t  was t e s t e d  on a random assignment o f  t e s t  o r d e r .
There  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  running  
e f f i c i e n c y  and i n  t h e  v e n t i l a t o r y  p a ram e te rs  measured in  t h i s  study  
between t h e  c o n t r o l l e d  b r e a t h i n g  p a t t e r n  t e s t s  and t h e  u n c o n t r o l l e d  
t e s t s  or  between t h e  i n d i v i d u a l  t im e  segments of  those  t e s t s .
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APPENDIX A 
INFORMED CONSENT 
R e s p i r a t i o n  E f f i c i e n c y  Study
T h is  s tu d y  i s  a r e s u l t  of  t h e  v i s u a l i z a t i o n  sess io ns  you
p a r t i c i p a t e d  in  d u r in g  t h e  f a l l  of  1986, i n v o l v i n g  a r e s p i r a t i o n  
p a t t e r n .  The purpose of  t h e  s tudy  i s  t o  compare th e  e f f i c i e n c y  of  th e  
r e s p i r a t i o n  p a t t e r n  you p r a c t i c e d  and your normal r e s p i r a t i o n  p a t t e r n  
used w h i l e  ru n n in g  a t  a h igh i n t e n s i t y  and a moderate  i n t e n s i t y .
The t e s t i n g  w i l l  c o n s is t  o f  runn ing  on a t r e a d m i l l  f o r  f o u r  (4)  
t r i a l s .  The f i r s t  two t r i a l s  w i l l  l a s t  t h r e e  (3) m inutes  each a t  a 
speed of  1 2 .7 5  mph. The l a s t  two t r i a l s  w i l l  l a s t  f o u r  (4) m inutes  
each a t  a speed of  9 . 7 5  mph. A 10 minute  r e s t  w i l l  be g iven  between
each t r i a l .  The s u b je c t  w i l l  be hooked up t o  a s p i r o m e t r y  mouthpiece
and w i l l  wear a nose c l i p  f o r  t h e  purpose of  measur ing th e  amount o f  
a i r  v e n t i l a t e d  th rough  t h e  body d u r in g  t h e  t e s t s .  In  a d d i t i o n ,  a 3 -  
l ead  EGG h e a r t  r a t e  m oni to r  w i l l  be worn.
A l l  t e s t s  w i l l  be v id e o ta p e d  f o r  th e  purpose of  a n a ly z i n g  t h e  r a t i o  
of s t r i d e s  per  b r e a t h s .  P r i o r  t o  t e s t i n g  th e  s u b je c t  w i l l  be asked t o  
com ple te  a b i o g r a p h i c a l  d a t a  q u e s t i o n n a i r e .
As a s u b j e c t  you a r e  f r e e  t o  w i thdraw  from t h e  s tudy  a t  any t im e
w i t h o u t  p e n a l t y  or  p r e j u d i c e .  I f  you have any q u e s t io n s  d u r in g  th e
t e s t  t h e y  w i l l  be answered a t  th e  co n c lu s io n  of  t h e  t e s t .
1 c e r t i f y  t h a t  I have read  t h e  p rece d in g  s ta tem ent  and understand  
th e  t e s t  I  am t o  com p le te .  I may w i thdraw  from t h e  s tudy  a t  any t im e .




I n i t i a l s  _____________
Age _____________
H e ig h t  _____________
Weight  _____________
Number o+ y e a r s  r u n n in g  c o m p e t i t i v e l y  
( i . e . ,  TAC/AAU, g rade  s c h o o l ,  J r  & Sr 
n igh  s c h o o l ,  c o l l e g e ) ?
Number of  months ru n n in g  a t  th e  
c o l l e g i a t e  l e v e l ?
Number o f  months ru n n in g  a t  th e  
p o s t - c o l l e g i a t e  l e v e l ?
For t h e  p a s t  yea r  how many months 
have you run c o n t i n u o u s ly  ( a t  l e a s t  5 
days per  week)?
Best  t im e  f o r :  800  m eters
1500 m eters  
o r  m i l e
3000 m eters  
or  3200 m eters  
5000 m eters  
or 3 m i l e s
APPENDIX B (c o n t in u e d )
BIOGRAPHICAL DATA RESPONSES
6 b
S u b je c t RAH TJP WCP KMc SAM KLV
Age 21 20 18 20 26 24
H t (cm) 175 175 1 77 .5 1 7 2 .5 1 7 7 .5 ISO
Wt ( kg) 6 3 . 5 5 66.  75 6 8 . 4 5 5 8 .0 0 6 9 . 9 0 6 7 . 8 0
#1 ( i n  y e a r s ) 9 10 10 10 14 10
#2 ( i n  months) 6 18 7 15 60 60
#3 ( i n  months) 0 0 0 0 33 10
#4 ( i n  months) 9 12 12 10 12 8
Best  t im e  f o r  
800m 2 : 0 5 2 : 0 4 1:53 2 : 0 3 2 :0 9 1:58
1500m 4 : 2 0 --- 3 :5 9 4 : 0 2 4; 10 3: 51
m i l e 4 : 3 4 4 : 2 4 4 :2 3 4:21 4 :2 7 ---
3000m 9 : 2 7 3 : 5 5 8 : 4 9 8: 35 9: 12 ---
3200m 1 0 :0 5 9 : 2 6 --- --- — — —
5000m 1 6 :4 8 15: 30 --- 14 :56 15:22 13:56
3 - m i l e s 1 5 :3 0 14:41 --- --- --- —
6 9
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HEART RATE AND BREATHS TABULATION SHEET S u b je c t
7 0
T e s t  #1
(seconds)
15 30 45 60 75 90 105 120 135 150 165 130
HR
B re a th s X I
T es t  #2 15 30 45 60 75 90 105 120 135 150 165 180
HR
B re a th s
1
3015 45Test  #3 60 75 90 105 120 135 150 165 180
HR
B rea th s
HR
B rea th s
195 210  225 240





195 210  225 240
/1
APPENDIX E
The r a t i o  of  s t r i d e s :breaths  f o r  each suo jec t  during each t e s t .  
Subject  Test Time Segments
30s 60s 90s 120s 150s i 80s 210s 240s
RAH 1 5. 14 4.57 4.00 4.04 4.00 4.36 4 .00 4.04
2 Rk 5. 10 5 .05 5.00 5. 23 5.50 5.11 5.00 5.05
3 4 .24 4 .00 4.00 4.03 4.04 4.00
4 Rh 5 . 00 5 .00 5 .00 5.00 5.00 5.00
TJP 1 4.43 4 .30 4 .00 4.00 4 .26 3.95 4.39 4.68
2 Rh 6.13 5.81 5 .38 6. 12 5.52 5.47 6 .50 5. 58
3 4.41 4 .80 4.40 4 .29 4.08 4.00
4 Rh 4.90 4 .90 4.37 4 .08 XX XX
WCP 1 4 .93 4.11 3 .90 3.70 3.09 3.19 3.00 3.28
2 Rh 7.63 6.84 6.00 5.11 5.54 X X XX
3 & 4 were not run
KMc 1 Rh 4 .30 4.00 4.31 4.13 4.08 4.42 4. 17 4.66
2 4.54 3.95 3.91 4.04 4.27 4.34 4.17 4.04
3 Rh Video tape did  not work
4 4 .16 3.77 3.59 3.29 3.23 3 .16
SAM 1 Rh 10.40 7 .54 7.33 6 .83 6.76 6.66 5.76 6 .00
2 4.61 4. 19 4 .30 4.30 4.36 4.09 4 .10 4.04
3 Rh 7.21 5 .27 4 .22 4.38 3.91 3.37
4 4 .22 4 .08 3 .90 3 .46 XX XX
KLV 1 Rh 8 .8 8 8 .70 8 .30 9 .00 9.33 9.22 8.80 8 .75
2 7 .00 5 .26 7 .07 7 .58 7.27 7.27 6 .84 8 .00
3 Rh 8 .40 8 .16 7 .54 6.61 7.30 6 .00
4 7 .07 6 .0 6 5 .44 5.31 5 .93 5.41
